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STUDIES IN URIC ACID METABOLISM, 

L THE INFLUENCE OF HIGH PROTEIN DIETS ON THE ENDOG- 
ENOUS URIC ACID ELIMINATION, 

By HOWARD B. LEWIS and EDWARD A. DOISY. 

{From the Laboratory of Physiological Chemistry of the University of Illinois, 

Urbana. ) 

(Received for publication, August 10, 1918.) 

That ingestion of large amounts of protein food free from pu- 
rines may markedly increase the endogenous output of uric acid 
is now generally accepted as a result of the work of many investi- 
gators (1,2, 3, 4, 5). The cause of this increase is, however, still 
a subject of controversy. The most generally accepted theory, 
proposed by Mare§ (6) and supported by the work of Mendel and 
Stehle (5) and others (7, 8), holds that the influence exerted by 
foodstuffs, particularly protein, on the endogenous uric acid 
excretion is due to their activity in stimulating the glands of the 
gastrointestinal tract to secretion. The increased elimination of 
uric acid may also be regarded as due to the excessive work of body 
cells in general in the metabolism of the unusual amounts of 
amino-acids formed from digestion of protein. Taylor and Rose 
(4) have also suggested that since nucleic acid must be syn- 
thesized from the units of the protein molecule, when large excesses 
of protein digestion products are presented to the cells, nu(;lear 
anabolism and catabolism are exaggerated, an application of the 
law of mass action. If it can be shown that any amino-acid or 
group of amino-acids takes pai*t in purine synthesis from non- 
nuclear material, then ingestion of proteins rich in such amino- 
acids might be expected to stimulate the nuclear metabolism more 
than protein food pooi- in amino-acids which contribute^ to purine 
anabolism, 

Ackroyd and Hopkins (9) have recently discussed tlie formation 
of purine bases from amino-acid precursors and have presented 
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2 Uric Acid Metabolism. I 

evidence to show that histidine and arginine may function in 
purine synthesis in the rat. Rats were kept on a diet from which 
these two amino-acids were excluded and the elimination of 
allantoin, which is in this species the end-product of purine metab- 
olism, was followed. When both arginine and histidine were 
removed from the diet the amount of allantoin excreted was 
decreased, but returned to normal on addition of these acids to 
the diet. Previous experiments with histidine fed to dogs (10, 11) 
had shown no changes in the allantoin excretion, but Ackroyd and 
Hopkins consider that the experimental conditions of previous 
investigators were unfavorable, inasmuch as histidine was added 
to an already adequate dietary, in which the current needs of the 
body for purine precursors were already supplied. No investiga- 
tion of the influence of the amino-acids, histidine and arginine, on 
the uric acid excretion in man appears to have been made. 

In the present series of experiments, a comparison of the effects 
on uric excretion in man of high protein diets, rich and poor in 
their content of these diaxnino-acids respectively, has been mad(\ 
in the belief that, if the increased purine output after high protein 
liiets is due to increased jxurinc synthesis from arginine and 
histidine, a high protein diet rich in these amino-acids might 
cause more marked rises in uric acid elimination than a similar 
diet poor in these amino-acids. 

The subjects were two healthy men who performed the usual 
routine laboratory work during the course of the investigation. 
Uric acid was determined by the Bencdict-Hitchcock modifica- 
tion of the Folin-Denis colorimetric method, creatinine by the 
micT’o-colorimetric method of Folin, and total nitrogen by the 
ihethod of Kjeldahl. Creatinine w^as d(derinined as a control on 
the complete collection of the urine. 

During the fore periods (low protein), the diet consisted mainly 
of potato(is with a small amount of bread. In the first experi- 
mental period (high nitrogen, low arginine and histidine), the main 
source of the protein of t-he diet was giidine, a commercial cliabetic 
food prepared from wheat. This material, which contained 15.1 
per cent nitrogen, was made into muffins and also sprinkled on the 
other articles of food. Frpm 250 to 300 gm. were consumed daily. 
In the high arginine-histidine period it was planned to supply the 
bulk of the protein of the diet by peanuts from which the endo- 
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sperm had been removed before eating. Due to some digestive 
difficulties particularly with Subject D, it was impossible to 
make peanuts the sole source of protein of the diet, and cottage 
cheese, eggs, and gelatin, all of which are r(‘latively high in their 
histidine and arginine content, wre add(ul to the diet. The lack 
of utilization of the proteins of the nuts may account foi* the lower 
nitrogen during these periods. 

Accurate data for the histidine and arginine content of proteins 
are'available only in a few instances, the most accurate b(*ing those 
obtained by the Van Slyke method for the determination of char- 
acteristic chemical groups. The more recent analytical results 
obtained by this method for certain of the proteins fed have been 
collected in Table T. It will be noted that the arginine-histidine 


TABLE 1. 

Hitilidint' and Arginine, Nitrogen in Percentage of Total Nitrogen of Proteins. 


Protoin, 


(Jlindin* (wIk'mO 

('uH(>int ... 

CSclaUnt 

Arachin§ (pcamit) 

(A)naraf})in§ (})oaini1 ). . . 


ArRiuini'-nitroKon. j HiHticUnG xiitroRen. 


pfT rt ni 

per cent 

5. 15 

s ..w 

9.31 

r» . 55 

14.70 

4.4S 

•) 

23 . 77 

25. 7S 

j 

2 72 


! 


“ Osborne, JL, Van Slyke, i). J)., Lcavenwurtli, C. S.. niuI N’ino^^rad; 
M., liiol. Chern,, 1015, xxii. 250, 

t Crowthc.r, C., and Raistrick, II., Hiochem. J., lOlG, x, 434. 

: Van 81ykc, D. O.. J, Biol. Chern., 1011-12, x, 15. 

§ .Tohns, C. O., and Jones, D. K., ./. HioL Chern., 1017, x.'cx. 33. 


content of gliadin is about one-third that of the protcdn.s of the 
peanut and about one-half that of gelatin and casein. Glutenin 
and gliadin are present in wheat gluten in approximately equal 
amounts. No figures for the analysis of glutenin by the Van 
Slykfj method were available in the literature, but results of analy- 
sis l)y the older method of direct isolation of the dibasic amino- 
acids indicate that it is lower in its arginine-histidine contc'iit than 
the proteins already con.sidered although slightly higher than 
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gliadin.^ Glidine which is to be regarded as a mixture of equal 
parts of gliadin and glutenin, should thus be distinctly lower in its 
arginine-histidine content than are casein, gelatin, vitellin, and 
the proteins of the peanut. 

The results of the individual experiments are given in Tables 
II and III and require little comment. The ingestion of a purine- 
free high protein diet rich in arginine and histidine gave rise to no 
greater increase in the excretion of uric acid than did a similar 
high protein diet low in its content of these amino-acids. If 
there was, in the presence of large amounts of protein digestion 
products, any exaggerated anabolism and catabolism of nucleo- 
protein, in which arginine and histidine played a role, this was not 
evident under the experimental conditions which obtained in the 
present scries. 

In view of the recent studies of Denis and Minot (12), in which 
creatinuria was induced in women by high protein diets, the \irine 
was examined daily for creatine throughout the course of the 
above experiments. In accordance with the findings of Denis 
and Minot in men and more recently of Rose and collaborators 
(13), no creatine was excreted although the nitrogen output ex- 
ceeded 35 gm . in some instances. 

1 Osborne and associates {A^n. J. l^hysioL, 1006-07, xvii, 231; Biol. 
Cheni., 1915, xxii, 2i59) have obtained the following figures for the arginine 
and histidine content of wheat glutenin and gliadin respectively: arginine, 

4.7 and 3.0 per cent ; histidine, 2.2 and 1.8 per cent. Kosscl and Kutscher re- 
ported analyses of wheat gluten as follows: arginine, 4.4 per cent; histidine, 
1 .2 per cent. With these compare the percentages of arginine and histidine, 
of the proteins of the peanut calculated from the figures obtained by the 
nitrogen distribution method of Van Slyke by Jolms and Jones (J. Biol. 
Chem., 1917, xxx, 33): arginine, 13.5 and 14.6 per cent; histidine, 1.9 and 

1.8 per cent. 

* Since the above was written, it has been possible through the kind- 
ness of Mr. H. t?. Eckstein and Prof. H, S. Orindley, of the Division of 
Animal Nutrition, to secure analyses of glidine by the Van Slyke method. 
The results (average of duplicate determinations), expressed in ♦percent- 
ages of total nitrogen, are as follows: ammonia, 22.159; melanin, 0.703; 
amninc, 6.389; histidine, 3.378; cystine, 1.241; lysine, 1.678; monoamino, 
551417; non-amino, 10.799; total, 101.764. 
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TABLE II. 

Subject E. A. D. Weight 61 Kilos, 


Period. 

Day. 

Total 

nitroiteii. 

Uric acid 

Creati- 

nine. 

Diet. 



gm , 

gin. 

gm. 



1 

0.68 

0.470 

l.(H) 

J jO w ni t rogcn . Pot a toes , 

1 

2 

5.18 

0..5()1 

1.51 

bread. 

3 

5.53 

0.470 

1.72 



4 

5.46 

0.433 

1.61 




21.85 

1.874 



Average 

5.46 

0.460 




5 

17.84 

0.535 

1.66 

High nitrogen, low histidiae 



24.04 

0.487 

1.56 

and arginine. Olidiiie. 

7 

31.57 

0 . 568 

1 .61 



S 

11.06 

0.787 

1.02 


Total 


115.41 

2.377 



.\ver?ig(' .. 

28.85 

0.504 





17.06 

0..-.7S 

1.57 

Same as Period 1. 

ID 

10 

7.87 

0.473 

1.51 


11 

5 . 46 

0.363 

1.55 

j 


IL- 

1.52 

0.375 

1 58 1 


Tnl.ll 


35 SI 

1.780 



Average 

S.05 

0.447 




i:! 

12,82 

0.403 

1 . 57 

High nitrogen, high histidine 

1\ 

If , 

21,17 

0.400 

1.67 

and arginine. Peanuts, 

i:> 

27.63 

0.581 

1.58 

eggs, gelatin, rot t age cheese. 


Ki i 

25.57 

0.500 

1.50 


Total 

' i 

87.10 

2 013 



Average 

21.80 

0.503 



1 

17 j 

15.22 

0.507 

1.50 

Same as Period I. 

i 

IS 1 

0.30 

0.5(K) 

1.60 



10 j 

4.76 

0.488 

1.59 


"lotaD 

' ! 

20.37 

1 . 555 



Average i 

0.70 

0.5J8 
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TABLE in. 

Subject H. B. L. Weight SO Kilos. 


Period . 

Day. 

Total 

nitrogen. 

Uric acid 

Creati- 

nine 

Diet. 



gtn. 

gm. 

gm. 



1 

8.05 

0.444 

1.65 

Low nitrogen. Potatoes, 

T 

2 

9.21 

0.500 

1.73 

bread. 


3 

8.14 

0.400 

1.81 



4 

7.15 

0.439 

1.72 


Total 


32! 55 

1.789 



Average 

8.14 

0.447 




5 

21.03 

0.(>63 

1.90 

High nitrogen, low histidine 

n 

() 

19.64 

0.539 

1.78 

and arginine. (Jlidine. 

7 

29.77 

0.069 

1,78 



H 

36.55 

0.050 

1.09 


Total, 


100.99 

2.521 



Av(*ragc 

20.75 

0.630 




1 9 

18.55 

0.528 

1.68 

1 

' Same as Period I. 

Ill 

10 

11.90 

0.550 

■ 1.76 



11 

12.18 

0.534 

1.75 


Total 


42.69 

J.612 



Av(wagc 

14.23 

0.537 




12 

23.79 

. 0.072 

1.74 

High nitrog<m, high histidine 

IV 

J3 

23.94 

0.632 

1.90 

and arginim*. Peanuts, 


14 

20.42 

0.647 

1.72 

eggs, gelatin, cottage cheese. 


15 

25.14 

0.592 

1.71 


Total 


93.29 

2.543 



Average 

23.32 

0.637 




10 

12.61 

0.592 

1.79 

Same as Period T. 

V 

17 

9.78 

0.528 

1.80 



18 

8.92 

0.5)07 

1.68 


Total , 


31.31 

1.627 



Average 

10.44 

0..'542 
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SUMMARY. 

Normal men were maintained on purine-free high protein diets 
of high and low content in arginine and histidine. No differences 
in the excretion of uric acid following the ingestion of these two 
types of high protein diet were evident. This would indicate 
that, under the experimental conditions of the present study, 
arginine and histidine function no more than the other constituents 
of the protein molecule in the stimulation of the output of en- 
dogenous uri(j acid following ingestion of a high protein diet. 
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11. PROTEINS AND AMINO-ACIDS AS FACTORS IN THE STIMU- 
LATION OF ENDOGENOUS URIC ACID METABOLISM. 

By HOWARD B. LKW'IS, MAX S. Di:X\, and KDVVARD A. DOJSV. 

{From the Lahoratory of Physiological Chemistry of the Vniversity of lllinoiSf 

Urhano . ) 

(Rocoivod for [)uljU(*iUioii. AuruhI 10. lOlS.) 

Of tho many hypotlios(‘8 advanced fl) to a(‘Cf)iinl for the origin 
of the cndogXMious uric acid of the urine, iwo, those of Burian and 
Scliur and of Mares, stand out as most satisfactory. Burian and 
Schur (2) first clearly distinguished between the two sources of the 
uric a(‘.id of the urine: that derived from the food or exogenous 
fraction, and that originating from tissue metabolism or th(‘ en- 
dogenous fraction. They held that the endogenous uric acid 
('xcretion might vary widely with difTerent individuals, but that 
for any one individual it was a constant quantity, unaffected by 
tbe intake of purino-frc'c food. Burian (3) has concluded from the 
analys('S obtained in his earlier work (4) that only a small part of 
this endogenous fraction may be derived from the micl(‘oprotein of 
cellular origin. Such an origin would in his opinion involve far 
too exttvnsive a catabolism of mu*lear material to be c.onsidered 
as the main source of endogenous uric acid. Uric acid of endog- 
enous origin, according to this view, is formed mainly from tlu‘ 
hypoxanthine of the inosinh^ acid present in muscular t issue. 

Mares (5) considers that purine-free food may exert a- marked 
influence on the endogenous excretion of uric acid. Others, not- 
ably Lambling and Dubois (6), Folin (7), Hopkins and Ho])e (8), 
Smetdnka (9), Taylor and Rose (10), and Mendel and Stelile (11), 
have also shown that food free from purine precursors, pailicu- 
larly protein food, may markedly raise the level of endogenous 
uric acid excretion. Marei§ (5, 12) has suggested that this influ- 
ence on the uric acid excretion is the expression of the wear and 

9 
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tear on the nuclear material of the “secretoiy glands of the gastro- 
intestinal tract in the work of secretion occasioned by the presence 
of food in the alimentary canal. Mendpl and Stehle (11) in sup- 
port of this hypothesis concluded that their data “offer no ob- 
stacle to the assumption that a portion, at least, of the endogenous 
uric acid may originate from the activity of the alimentary secre- 
tory apparatus. They point out however that the theory of 
Mares does not necessarily need to account for all the endogenous 
uric acid excreted, but may at least explain the source of some frac- 
tion of it. The experiments which offer most striking evidence of 
the r61e of the digestive glands w'ere concerned with the influence 
of atropine and pilocarpine on uric acid excretion. Atropine, an 
inhibitor of glandular secretory activity, was showui to check the 
rise in uric acid output which normally followed ingestion 
protein food. After the administration of pilocarpine, which is 
known to stimulate secretion, there was a sharp rise in the uric 
acid output. Mares (12) has also reported similar results with 
pilocarpine. Increase in the mechanical work of the digestive 
tract (administration of bulky foods or laxatives) was not a factor 
in the stimulation of uric acid output. 

The older methods for the .determination of uric acid were 
hardly suited to the determination of small amounts of uric acid, 
such as are met with in studies of hourly elimination. The colori- 
metric method of Folin and Denis as modified by Benedict and 
Hitchcock is, however, very accurate for the determination of 
small amounts of uric acid in dilute urines. Moreover, the hourly 
elimination of uric acid in the fasting individual is subject to 
certain variations, due to a variety of factors (13), whose role is not 
clearly understood, and the proper control of which has frequently 
not been secured in former experiments. 

The purpose of the experiments to be detailed was to study 
the influence of proteins and protein derivatives, on the endog- 
enous uric acid excretion, with the use of the newer more accurate 
colorimetric methods for uric acid determination, and with as com- 
plete a control of the variable factors as possible. It was believed 
that a comparison of the influence of proteins with that of their 
digestive products, amino-acids, might indicate to what extent the 
work of the digestive glands is concerned with the increase in uric 
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acid excretion following ingestion of non-purine protein food. The 
study of the influence of carbohydrate and fat and their derivatives 
will be considered in a subsequent publication, 

EXPERIMENTAL. 

Methods. 

The subject of the cxpcrinicnt^ was a healthy young man, 
22 years of age, and about 58 kilos in weight. During a period of 
over 6 months, a meat-free low protein diet, free also from purine- 
containing bevcragCvS, which may be considered as a ‘‘purine-free” 
diet, was (consumed with the exception of a few meals during the 
holidays, at which a small amount of meat was taken. No 
attempt was made to secure a quantitative uniformity of the diet. 
On th(^ evening preceding f he day of an experiment , a light supper 
was eaten and no further food was ingested until the completion 
of the day’s experinumt, (‘xcept the substance whose influence on 
uric acid excretion was to be studied. 

Some of the former experiments in which th(^ hourly excretion 
of uric acid has been studied are open to the criticism that the 
voluiiK^s of uriiu* (‘ollected ar(‘ low, fn^quently less than 20 cc. 
In eases of such small volumes the error due to incomplete empty- 
ing of the blaflder might be large, whereas in larger volumes this 
sources of error would b(^ inconsidera})le. In order to insure rea- 
sonaldy large hourly volumes of urine and thus eliminate as far as 
possible; the errors resulting from the inability to remove the urine 
quantitatively from the l)ladder, 200 cc. water were ingested 
hourly throughout the experimental periods. As a check on the 
errors from this source, (;reatinine was also determined in the 
hourly samples.- vSince creatinine elimination is uninfluen(;ed by 

^ Two other men also served as subjects. Many of the experiments were 
duplicated and similar results obtained with these other subjects, but 
inasm\ich as the experiments with M. S. D. were more compreljensive rtiui 
extended over a longer period of time, the data of these expcriinents 
alone are presented. 

2 Creatinine determinations were made in all the experiments reported in 
the tables. In order to condense the analytical data, the figures for creat- 
inine are omitted in many cases except where variations in the volume of 
urine and in the uric apid excretion might throw doubt on the completeness 
of the collection of the urine (cf. Table VITI). 
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diet and tends to maintain a constant level, it was believed that 
any marked variation from the normal creatinine level in any 
period would indicate losses due to incomplete collection of the 
urine. 

Uric acid was determined colorimetrically by the Benedict- 
Hitchcock modification of the Folin-Macalliim-Denis method; 
creatinine by Folin^s micro-colorimetric method; and total 
nitrogen by the method of KjeTdahl. The samples were preserved 
with chloroform in tightly stoppered bottles, until th(^ analyses 
could be completed. In the greater number of the experiments the 
uric acid determinations were made on the experimental day and 
those of creatinine on the morning of the following day, although 
in a few cases this was impossible. 

Fading Control Experiments, 

If changes in the excretion of uric acid following ingestion f)f 
various substances were to be of any significance, it was n(‘cossary 
to have accurate information as to the degree and kind of variations 
to be expected normally in the fasting subjects under the experi- 
mental conditions outlined above. Control ('xpcnlments in which 
no food was ingested throughout the experiment w^ere carric^d out at 
frequent intervals in order to make certain that the level of (mdog- 
enous uric acjid metabolism was not altered by the long (jontiriued 
“purine-free'' diet. Protocols of three typical experiments of this 
sort are given in Tables I and II, these particular experiments 
being chosen from a considerable number as representing the uric 
acid level at the beginning and toward the end of the series of 
experiments respectively. In the majority of the experiments 
there was a tendency toward a diminished uric acid excretion at 
the end of the morning hours. This is in accord with the observa- 
tions of previous investigators (11, 13). 

On the basis of these control experiments it seemed reasonable 
to assume that a rise in the uric acid excretion to a level of 25 mg. 
per hour or above, following ingestion of some substance, resulted 
from the action of this substance and was not the result of a normal 
variation. It was not considered that a rise of a few mg. in any 
one experiment had necessarily any especial significance. 
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The following rontine procedure was adopted for subsequent 
experiments. The uric acid excretion for the first 2 hours of the 
day was determined and if the results were comparable with those 
of the control days'* the substance, whose effect on the excretion 
of uric acid was to be studied, was ingested. 

TABLE I. 


Experivunii 3, Fasting Normal. 200 Cc. of Water per Hour. 


Time. 

Volume, 

TTric acid. 

Creatinine. ^ 

Nitrogen. 


cc. 

>ng. 

mg. 

mg. 

(V-7 

122 

20.7 

61.0 

386.7 

7-8 

210 

19.0 

58.8 

425.8 

Jf-1) 

291 

18.7) 

64.2 

416. 1 

IV-IO 

17)0 

15.0 

63.0 

3.55.5 

10-11 1 

92 

1G.7) 

59.8 

345.0 

n-12 

122 

15.5 

59.7 

339.1 

12-1 

;iii 1 

! 

17.1 

62,2 

441.6 


'I’inio 


ir-1 

7^8 

<KH) 
iWU 
11-12 
12 1 


rABLE II. 


Fasting Normals. 200 Fv. of W’a/fT per Hour. 


lOxperiment 2. i 

Experiment 24. 

Volume. 

Uric acid. 

V'olume. 

Uric acid. 

cc. 

mg. 

cc. 

mg. 

42 

18 3 

48 

17.4 

220 

10.3 

. 

18.1 

2S3 

21.8 

67) 

19.7 

ss 

14.9 

no 

10.2 

132 

13.2 

51 

14.3 

7)9 

15.3 

241 

15.2 

I 214 

14 1 

79 

17.7 


^ On 4 (liiyis in flu* Hories of »oiiu* 40 oxporiinnnf al da3"S the level of uric 
aeifl excretion was found to be grentl.y increased abovt* the usual level and 
to remain at this level tliroufjhout the entire period. No satisfactory ex- 
planation of this varpition conld be found, and because of this, the fore 
period of 2 hours was determined upon. In no case where the e.vcrelion of urir 
acid was at the normal level {about 20 mg. per hour) in the. earlier hours of the 
(lay did it rise abnormally in the later hours. The level of the early hours of 
the day was maintained whether it was abnormally high as in the four 
experiments referred to or at the normal level as in the majority of the 
experiments. 
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Protein. 

It has repeatedly Ixien shown that the excret ion of endogenous 
uric acid is increased by purine-free protein food. The experi- 
ments recordetl in Tables III, IV, and V are in agreement with 
previous work. After ingestion of each of three types of protein 
food, egg white, cottage cheese, and glidine,^ there occurred a rise 


TABLK in. 

Experimenl 4 , Protein. Egg White. WO Cc. of Water per Hour. 


Time. 

Volume. 

Uric acid. 

Creatinine. 

Nitrogen. 


cc. 

mg. 

mg. 

mg. 

(1-7 

130 

21.7 

58 () 

484.1 

7-8 

273 

21.8 

57.3 

455 . 4 

S'-O* 

245 

' 23.5 

58.8 

443.4 

9* to 

244 

24.4 

58.5 

470.0 

](> 11 

100 

28.2 

,58.1 

489.7 

1M2 

75 

29.2 

57.7 

153.0 

12--1 

382 

19.9 

59.2 

.574.3 


* iiOO gin. of ogg white, poached, eaten at H a.rn. N content — 5.85 gm. 


TABLE IV. 


E.r perirnent 12. Protein. Cottage Chce.'te. 200 (V. of Water per Hour. 


Time. 

Volutne. 

Uric acid. 

Creatinine. 

Nitrogen. 


cc. 

my. 

mg. 

mg. 

0-7 

150 

19.3 

50.2 

429.0 

7-8 

207 

19.8 

.59.2 1 

459.5 

8-9 

303 

20.0 

58.5 

478.7 

0 10* 

58 

15.2 

55,. 7 

281.5 

10-1 1 . 

90 

24.1 

02.4 

579.8 

11-12 

90 

23.2 

58.5 

595 . 2 

. 12-1 

2(K) 

18.0 

50.0 

()28.0 


* 200 grn, of cottage cheese taken at O.loa.m. N content — 4.8 grn. (ap' 
jiroximately). 


* (ilidiiie is a commercial “purc^ vegetable protein food, prepared wholly 
from wheat.” The preparation used in these exi)eriments contained 16.1 
per cent nitrogen. According to the analyses of StriJct {Connecticut Agric. 
Exp. Station., Ann. Rep., 1913, 25) glidlnc contains no starch and 91.4 per 
cent protein. 
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in uric acid excretion clearly above the basal level, a rise which 
usually reached its maximum during the 3rd or 4th hour after 
administration of the protein, ^he two experiments with glidine 
(Table V) show some sort of a quantitative relationship, for in 
Experiment 32, 66.6 grn. of glidine increased the excretion more 
markedly than did half the amount, as in Experiment 31. It was 
not possible to continue Experiment 32 long enough to determine 
whether the maximum effect had been reached. No clearly 
defined differences between the three types of proteins in their 
action on the uric acid output could be observed. 


TABLE V. 

l*rolein. Glidine. 200 (U\ of Wafer per Hour. 


{ 

Tinuf. 

Kxperimoiit 31. 

1 Experiment 32, 

1 

i 

V'ohuao. 

Urir iMjjtl. 

Vohimo. 

Uric acid. 


cc. 

mo. 

cc. 

mg. 

f>-7 

42 

14.1 



7-8 

218 

17.1 

51 

17.5 

S-O 


10.0 

‘ 245 

10.2 

<> 10 

170 

23.0 

208t 

10.8 

UVll 

208 

22.2 

150 

27.0 

11-12 

2(H) 

10.0 

00 

20.7 

12-1 

53 

10.1 

70 

! 29.2 


* 31.7 grn. of glidiru* lakvn dry iit 8.(K) u.m. N content = 4.8 gm. 
fCO.O “ “ “ <U)0 “ N “ ^^10.1“ 


Arni/io- Acids. Alanine and (Uyeocoll. 

In ordei* to test the validity of the th<K)ry that, increases in the 
exen'tion of endogenous uric acid after ingestion of pi'otein result 
from the secretory activity' of the glandular tissue of the alimen- 
tary canal, occasioned by the work of digestion, th(^ influence of 
amino-acids, the ultimate cleavag(‘ products of protein in the tract, 
was studied. The results of two typical experiments with alanine 
and glycocoll are shown in Table VI. It is evident from tlie re- 
sults of these and a number of other expei’iments of the same kind 
that glycocoll and alanine, amino-acids representing the final 
products of the digestion of proteins, stimulate the endogenous 
uric acid metabolism in a maimer similar to the proteins themselves. 
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although the effect is produced more rapidly and is more marked. 
Thus in Experiment 10 (Table VI), gly cocoll equivalent to 1.94 
grn. of nitrogen caused an increased uric acid excretion the 2nd 
hour after ingestion of much the same order of magnitude as that 
produced by egg white equivalent to three times the above 
amount of nitrogen, 5.85 gm., during the 3rd and 4th hours after 
ingestion. The effect of the amino-acid is manifested sooner than 

TABLE VI. 


Amino-Acids. GlyrovoU and Alanine. 200 Cc. of Water per Hour. 


Time. 

Volume. 

Uric acid. 

Creatinine. 

E.xperiment 10. Glycocoll. 


cc. 

mg. 

mg. 

0^7 

150 

21.6 

56.4 

7-8 

300 

21.9 

58.8 

8-9* 

117 

23.4 

57.3 

< K 10 

294 

30.2 

57.9 

UKl 1 

210 

21.2 

55.8 

11-12 

65 

19.7 

53.3 

12-1 

166 I 

1 

19.4 

59.7 


Ex^)criment 

23. Alanine. 


6-7 1 

100 

18.9 

57.0 

7-8 

271 

17.6 

56.4 

8-9t 

108 

21.5 

58.8 

9-10 

291 

25.9 

55.3 

10 -n 

79 

! 17.1 

54.9 

11-12 

57 

! 17.8 

54.2 

12-1 

36 

14.4 

47.8 


* 10.4 gm. of glycocoll eaten at 8.00 a.ni. N content == 1.04 gm. 
tl2.1 “ “ alanine “ “ 8.00 N “ -1.90 “ 


in the case of the proteins, the excretion of uric acid reaching 
its maximum the 2nd hour after ingestion and as a rule returning 
to normal the following hour. 

It seemed possible that the effects observed might be due to a 
stimulation of the processes of elimination of uric acid under the 
influence of the amino-acids, rather than to increased uric acid 
formation; that they might be the result of the removal of pre- 
formed uric acid and uric acid precursors from the tissues, an 
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exaggerated elimination of purine reserve stored. If this were 
the case, ingestion of a second dose of amino-acid a(ter the effect 
of the first had reached its maximum should not further affect the 
uric acid elimination, since the increased elimination as a result of 
the first dose should have caused the removal of any excess present 
in the system. In Table VII are presented the results of such an 
experiment, the influence of the administration of successive doses 
of gly cocoll on the same experimental day. The figures clearly 
demonstrate that the effects of amino-acids on uric acid excretion 
arc not the result of stimulation of excretory processes leading to a 


TABLE vn. 

Experiment 10. Amino- Adda. Snccessiue Doses of Glycocoll. 200 Cc. of 
Water per Hour. 


Time. 

Volume. 

Uric acid. 

Creatinine. 

NitroRen. 


cc. 

mg. 

mg. 

mg. 

6-7 

80 1 

19.1 

58.4 

401.6 

7-8 

229 1 

21.5 

57.7 

403.0 

1 

67 

24.6 

59.5 

3(K).l 

<1-10 : 

244 

30.7 

61.0 

4(K).7 

10-11 

245 

20.3 

59.8 

421.4 

ll-12t 

86 

19.1 

. 55.5 

360.3 

12^-1 

256 

30.2 

62.4 

524.8 

1-2 

326 

18.3 

55 . 1 

475.9 

2-3 

76 

14.7 

49.9 1 

395.2 

04 

49 

14.1 

54.4 

345.9 


* 10.2 gin, of glycocoll at 8 a.ra. N contoiit — l.OO gm. 
tl0.2“ “ “11.05 a.m. 


removal of preformed uric acid from the body vsince the admin- 
istration of a s(?cond dose of glycocoll gives rise to an increased 
uric acid excretion comparable in all respects to the increase pro- 
duced by a single dose. 

Dicarboxylic Amino- A aids. GhUammic and Aspartic Adds. 

The work of Lusk (14) has clearly proven that the phenomena 
of the specific dynamic? action of protein are a.ssociated with the 
amino-acids or their cleavage products (15). It seemed prob- 
able that the increased elimination of uric acid, presumably the 
result of a stimulation of the ’metabolism of the nuclear material 


THK JOU«NAl. or CHBMISTKY, VOh. XXXVl, NO. I 
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of the cell, might be associated with these phenomena of increased 
heat production under the influence of the arnino-acids. Accord- 
ing to Lusk no increased heat production follows ingestion of the 
dicarboxylic amino-acid, glutarninic acid (and presumably also 
its analogue, aspartic acid). (Irafe more recently has maintained 
that these two amino-acids do exert a specific dynamic action (16), 
as do also ammonium chloride and several other substances. In 
view of these considerations it seemed of interest to observe 
the influence of the dicarboxylic amino-acids on the uric acid 
metabolism. 


TABLK VIII. 

Experiment IL Dicarboxylic Amitio-Acida. Glutarninic Acid, 200 Cc. 
of Water per flour. 


Time. 

Volume. 

Uric acid . | 

Creatinine. 

Nitrogen. 


cc. 

mg. 

mg. 

mg. 

6^7 

UK) 

•18.8 ' 

55.5 

368.0 

7-8 

293 1 

10.1 

50.9 

383.6 

8-9* 

44 

27.8 1 

54.1 

219.1 

9-10 

40 

44.4 

54.0 

256.0 

10-11 

71 

46.8 

54.6 

394.0 

11-12 

527 

23.7 

49.7 

548.0 

12-1 

165 

19.9 

47.8 

396.0 


* 20 gm. of glutaininic acid (N = 1.0 gm.) taken at 8.00 a.m. Solution was 
facilitated by heat and the addition of 7 gin. of Na 2 CX.) 3 . The solution ob- 
tained .still retained an acid reaction to litmus. After 30 minutes general 
dizziness and nausea without vomiting, which continued for 4 to 5 hours, 
and increased with ingestion of water at each hourly period. 


Ingestion of glutarninic acid (Table VIII) resulted in an in- 
creased excretion of uric acid, more marked than in the previous 
experiments with gly cocoll and alanine. Tlie effect was more 
prolonged as the normal level was not reached until the 5th hour 
after ingestion of the amino-acid. The effects on the volume 
of urine and on the nitrogen elimination were also noteworthy. 
During the 3 hours of maximum elimination of uric acid the urinary 
volume was very low, falling below 50 cc. during two peripds. 
This was followed by a marked diuresis with the extraordinary 
hourly volume of 527 cc. the 4th hour when the uric acid excre- 
tion had returned to normal. That these low volumes of urine 
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were not the result of incomplete voiding is evidence<i by the con- 
stancy of the cT'eatinine excretion. During this period of decreased 
urinary volume, a marked diminution in the excretion of total 
nitrogen occurred. As noted in the protocol, the subject suffered 
from nausea and general malaise following ingestion the gluta- 

TABLE IX. 

DicarhoxyUc Ammo-^AciM and Amide. A spar lie Acid and Asparagine. 
2f)0 Vc. of Water per Jfour. 

I 

Timo. Volume. j ITricHCid. j Creatinine. 


Experimont 17. Aspartic acid. 



rr. * 

mg. 

mg. 

(V-7 

70 

17.2 

56.4 

7*-8 

:uo 

21.5 

53.0 


53 

22.0 

53 . 5 

lV-10 i 

37 

4.5.2 

[ .50.9 

10-11 

102 

29.7 

57.2 

11-12 

42 

17.7 

1 55.3 

12 1 

52 

10.7 

50.2 


Exporiinorit 21. Asfmraginc. 


0-7 

102 

1 

20.2 

55. 1 

7-8 j 

303 

22.2 

00.0 

8~9t 1 

03 

25.3 

57.8 


85 

38.0 i 

50.1 

10-11 

474 

22.5 

57.3 

11-12 

78 

18.5 

57.7 

12-1 

152 

! 15.0 

i 54.7 

18.4 gm. of aspartic acid (N — 1,9 gm.) at 8.00 a.ni 

1 . 7 gm. of Nti2(X)3 


added to elTect solution. No nausea. Mild diarrhea lasting several 
hours. 

t 1S.4 gm. of asparagine (amino N — 1.9 gm.) taken at 8,00 a.m,, dis- 
solved in hot water and ingested while solution was still warm. No ab- 
normal symptoms. 

minic acid. It seemed possible that the factor of gastrointestinal 
irritation might contribuU^ to the increased uric acid elimination- 
Aspartic acid, a second dicarboxylic amino-acid, and asparagine, 
its acid amide, however, resulted in increases (Table IX) compar- 
able to those observed in the glutaminic acid experiment. Neither 
of these substances produced gastrointestinal irritation or ma- 
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laise, a fact which would seem to rob these of their significance 
as causative factors in the previous experiments. The diminution 
of urinary volume was noted in these experiments also. The 
experiment with asparagine is of interest as showing that masking 
of one carboj,yl group does not alter the power to stimulate uric 
acid excretion, and that an amide of this type resembles the 
dicarboxyli(* amino-acids in its effects rather than the mono- 
carboxylic amino-acids. This is not surprising in view of the 
ease with which asparagine loses its amide group and is converted 
to aspartic acid. 

Since no digestive processes are required for the utilization of 
amino-acids it can hardly be considered that the rises in endog- 
enous uric acid observed following the ingestion of four different 


TABLE X. 

Experrmenl 22. Amino-Acida. Sarcn.sdne. 200 Cc. of Water per Hour. 


Time. 

Volume. 

Uric ttcid. 

Creatinine. 


cc. 

mg. 

7ng. 

iy -7 

31 

17.4 

7)1,4 

7-8 

172 

24.1 

03. () 

fr 9* 

1()8 

20.3 

58.8 

9-10 

210 

23.9 

61.3 

10-11 

! 317 

t 22.2 

62.7 

n -12 

r >8 

17 2 

1 53.7 

12-1 

30 V 

f 14.1 

54.5 

1 


* 10 gm. of sarcoHiiif, takf^n at 8.00 a.m. N contonl = 1.0 gm. \o i!I 
effects. 


amino-acids can be attributed to the work of th(i digestive glands. 
The effect is more probably due to a direct stimulation of the body 
cells by amino-acids or their catabolism produi^ts, a stimulation of 
nuclear metabolism. It is known that amino-acids disappt'ar 
very rapidly from the blood stream and are stored temporarily 
in the tissues. If the stimulating influence on nuclear metab- 
olism common to at least four amino-acids is inhercuitly a prop- 
erty of amino-acids as such, substituted amino-acids might be 
expected to exert a similar influence. If on the other hand, the 
stimulation is due not to amino-acids as such, but either to the 
cellular work of their catabolism or to the intermediary products 
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of their breakdown, a substituted arriino-acid which does not 
follow the normal path of amino-aeid catabolism would in all 
probability be devoid of the power of stimulation. vSarcoaine, 
methyl glycocoll, was selected to test out the effect of a substituted 
amino-acid (Table X), since it has b(icn' observed,: to pasvs un- 
changed through the organism for the rtxost part, although the 
possibility of its conversion to some extent to creatine has not 
been entirely excluded. The exi)eriment was not altogether satis- 
factory, IVut lack of further material made it impossible to repeat 
the trial. It is hardly probable that the slight rise the 2nd 
hour after ingestion was a true rise, the effect of the sarcosine. 
In any case the eff(‘ct is too slight to V)e compnied with that of the 
closely related substance, glycocoll. From this one (‘xporiment 
it would seem that amino-acids as such do not stimulate uric acid 
metabolism, and that an amino-aeid which is not })roken down in 
catabolism is wit bout effect on uric aci<l ('xcretion. 

Ammoniu'tn Chloride. , 

The first st(‘i) in the catabolism of the amino-acids within the. 
body is deaminization, a reaction whieh yic^lds as products am- 
monia and a-kt'tonie or hydroxy acids. In order to secure further 
informal ion Jis to what reaction or product of reaction is responsi- 
bl(^ for th(r effects of amino-acids and proteins on uric acid metab- 
olism, ammonium salts were studied. "The ammonia, in amount 
(Kimparable as to the content of nitrogen with the amino-acids 
fed, was admiriistenal as the chloride, which is less toxic; than 
othe}- ammonium salts. Inorganic ammonium salts are not von- 
verted to urea (17, 18), so that this type of ammonium salt should 
show whether ammonia as such is the factor influencing the 
changes in purine metabolism observed. No rise in the uric acid 
excretion above the normal level occurred as a result of the inges- 
tion of ammonium chloride (Table XI). This offers direct (*vi- 
dence that the ammonia from the deaminization of the ainino-acid 
plays no role in stimulating the oiitpiit- of endogenous uric acid. 

The ammonia formed by the processes of deaminization is 
normally converted to urea and excreted as such. It would have 
l3cen logical at this point to have studied the influence of ammon- 
ium carbonate, citrate, or the ammonium salt of some other organic 



22 


Uric Acid Metabolism. II 


TABI,E XI. 


Experiment i8. Ammonium Chloride. $00 Cc. of Water per Hour. 


Time. 

Vohiine. 

Uric acid. 

Creatinine. 

Nitrogen. 


cc. 

mg. 

mg. 

mg. 

0-7 

32 

20.4 

54.2 

340.4 

7-8 

120 

22.7 

55.8 

458.4 

fr9* 

55 

16.5 

53.8 

395.4 

9-10 

59 

18.2 

56.7 

454.3 

10-n 

330 

20.1 

55.0 

607.2 

11-12 

247 

17.0 

53.1 

553.2 

12-1 

273 

15.5 

55.4 

543.2 


* 7.4 gin. of NH4CI (N = 1.94 gin.) iit 8.00 a.m. No toxir symptoms 
except slight feeling of nausea the first 2 hours. 


TABLE XII. 


Urea. 200 Cc. of Water per Hour. 


♦ Time. 

! 

j Volume. * 

Uric acid. 

Creatinine. 

Experiment 14. 


cc. 

rug. 

1 mg. 

0^7 

59 

18.7 

01.7 

7-8 1 

229 

18.3 

50.1 

S-9* 

330 

17.1 

58.7 

9-10 

127 * 

20.0 

57.5 

IC-ll 

177 

22.1 

(K).4 

]|~12 

177 

22. J 

1 58.9 

12- 1 

213 

13.7 

1 57.5 


Experiment 15. 


&--7 




7-8 

29 

15.4 

50.9 

8-9 

192 

18.2 

55 , 5 

9-lOt 

96 

20.0 

56.6 

10-11 

2fM) 

19.0 

56.1 

11-12 

132 

16. 

r?().9 

12-1 

209 

20.0 

57.7 


* 0.6 gin. of urea taken at 8.00 a.tn. N content = 3.14 gni. No ill eflfects. 
tO.6 “ “ “ “ “9.00 “ No ill effects. 
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acid, which is capable of further transformation to urea in the or- 
ganism. Such an experiment should show whether the conversion 
of ammonia to urea is a factor related to the problem of the 
stimulation of uric acid metabolism. Because of the greater 
toxicity in the required dosage exp^jriments with this type of 
ammonium salts were not carried out. 

Urea. 

The ingestion of urea, the end-product of the catabolism of the 
nitrogenous fraction of the amino-acid molecule, resulted in an 
excretion of uric acid (''i'able XII) which did not vajy appreciably 
from the normal. Urea is, therefore, probably not responsible 
for the rises in uric acid excretion after ingestion of amino-acids 
and proteins. 


DISCUSSION. 

The experiments r(^port(*d are Ix^heved to offer direct ('vidence 
against the hyiiothesis of Mare5 that the origin of the increased 
amounts of endogenous uric acid following the ing(\stion of protein 
food is to be attributed rnarnly to tli(‘ activity of the secretory 
glands of the gnstroinb^stinal canal. There is no evidt'nce that 
the presence of amino-acids in the digestive tract stimiihites 
secretion of the juices. On the other hand, data, which indicate 
that the pre.s(mc(i of amino-acids in the system stimulates to a 
marked degree cellular activity, have been presented by Lusk 
(14, 15). The increased uric acid excietion w4uch results 
from the intake of protidn food, hitherto exjilained as a result 
of stimulation of the secretory glands, can be accounted for 
equally well as a result of a general stimulation of cellular metab- 
olism by the products of digestion of proteins, the arnino-acids. 
Moreover, the extent- of nuclear breakdown necessary to a (amount 
for the marked incrcas(?s in the uric acid of the urine reported by 
many observers would be far too great to be the result of stimula- 
tion of so small a proportion of the cells of the body as the cells 
of the digestive tract. Quantitatively the production of fii<‘ 
amounts of uric acid concerned appears p6ssible with a h^ss (exten- 
sive destruction of the nuclear material of any oik' set of cells, if 
the effect is considened the result of a general stimulation of all 
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cells. It is not necessary to assume that all the endogenous uric 
acid arises from nuclear breakdown. This as pointed out by 
Burian (8) would involve too extensive a destruction of nuclear 
material. A part may originate from the hypoxanthine of muscle 
tissue. The fact that there is no conclusive evidence that an 
increased uric acid output follows muscular work is not necessarily 
a convincing argument againsi. the muscular origin of a part, 
at least, of the endogenous uric acid. Urinary creatinine is 
generally considered as a derivative of the creatine of the muscles, 
yet muscular work does not increase the creatinine content of the 
urine, nor cause the aiipearance of creatine. It. is believed, how- 
ever, that the increases in uric acid of the present, series of experi- 
ments can be considered as originating from nuclear catabolism 
if the stimulation is (!onsideved a general one involving all cells 
rather than a limited one. 

It is also possible as suggested by Taylor and Hose (10) that 
nuclear anabolism as well as catabolism may be st imulated liy the 
presence of large amounts of fpnino-acids, in the last analysis, the 
sources of the nitrogen of the purines of the nucleit^ acids. A 
chemical reaction involving the direct synth(‘sis of purin(^s from 
the four amino-acids ingested in the present series is difficult of 
conception. Ackroyd and Hopkins (19) have suggested that in 
the growing rat arginine^ and histidine may function as purine 
precursors., The experiments of Lc'wis and Doisy (20), how^ever, 
offer no evidence that in man a diet high in protein and high in its 
content of arginine and histidine increases the uric acid excretion 
over that eliminated on a high protein diet low in these amino- 
acids. 

It might seem surprising that the difference in time bi^twoen 
maximum stimulation of cellular activity, as shown by the changes 
in the uric acid excretion, by proteins and by amino-acids, is not 
more marked. The rate of protein metabolism as determined by 
the excretion of extra nitrogen’^ and “extra glucose^’ in the 
phlorhiziiiized dog (21) is nearly as rapid as that of amino-acids. 
The time required to digest the protein to amino-acids, and to 
absorb and metabolize these, is only slightly longer than that 
required for the absorption and metabolism of the amino-acids 
alone. But slight differences in the time element would accord- 
ingly l>e anticipated between the effects of proteins and amino- 
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acids on endogenous uric acid metabolism if the influence of the 
amino-acids is responsible for the changes. 

It has been shown in the attempt to find what factor is responsi- 
ble for the increased uric acid excretion after protein food that the 
amino-acids are similar in their action to the proteins, and that 
the ammonia and urea, products of the catabolism of the nitrog- 
enous rest of the amino-acid, are without influence. This would 
seem to limit the causal agents to two, cither the amino-acids oj- 
their non-nitrogenous rest, <jK-ketonic or hydroxy acids. It was not 
possible to study the effect of these non-nitrogenous intermediary 
catabolism products of the amino-acids. Lusk (15), however, 
concluded that, in the case of glycocoll and alanine, the chemical 
stiirmlation of protoplasm, which is responsible for the phenomena 
of increascHl heat production (specific dynamic action), results 
from the action of their intermediary products, gly collie, and lactic 
acids, rather than from the amino-acids themselves. The phe- 
nomena of the stimulation of uric acid metabolism by amino-aeids 
run i)arallel to those of the specific dynamic action of the amino- 
acids (except in the case of th(* dicarboxylic amino-acids?) and 
it is possible that the same chemical factors are responsible for 
both. 

vSUMMAKY. 

1. Ingestion of purine-frec protein food resulted in an increased 
uric acid output in th(‘ fasting subject, which reached its maximum 
the 3rd and 4th hours after ingestion of the food. No quantitative' 
differences in the action of three type's of protein food, cottage' 
cheese, egg white, and glidine (a wheat pie)tcin preparation), in 
their effect were? observed, 

2. Amino-acids (glycocoll, alanine, aspartic, and glutaminie^ 
acids) also increased uric aciel excretion, the maximum effect 
being produenid within 2 hours after inge*stion, more rapidly than 
in the case of the proteins. The stimulation of uric acid metab- 
olism caused by the dicarboxylic amiiio-aeids was more marked 

'than with glycocoll or alanine. Asparagiiu', the acici amidc' of 
aspartic acid, resembled aspartic acid in its action. 

3. The effect of the aininq-acids is consi(l(a*od to be the rcsult 
of a stimulation of uric acid production rather than of a more 
rapid excretion of the tiric acid already prcKScnt in the system, 
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since successive doses of glycocoll on the same experimental day 
resulted in an increased elimination of uric acid in each case. 

4. vSarcosine, methyl glycocoll, an amino-acid which does not 
pass through the same path of catabolism as do the other amino- 
acids, did not influence uri(; acid excretion. 

5. Ammonium chloride and urea, products of deaminization of 
the amino-acids, were also without effect on endogenous uric acid 
excretion. 

G. Since the secretory activity of the digestive tract is not 
stimulatcid by amino-acids, it is believed that the experiments as 
a whole speak against tbe hypothesis of Mares that the secretory 
activity of the alimiuitary glands is mainly responsible for the 
increased uric acid excretion observed after protein ingestion. 
It is suggested that the effect is to be considerinl rather as one due 
to a general stimulation of all cellular metabolism by amino- 
acids, the products of the digestion of protein. The relation of 
the increased uric aciid metab(»lism to specific dynamic acdipn of 
proteins and amino-acids is discussed. 
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THE ROLE OF INORGANIC SULFATES IN NUTRITION. 

By AMY L. DANIELS an0 JEAN K. lUCH. 

{From the Department of Home Economics, University of Wisconsin, 
Madison.) 

(Hftcciivcd for publication, August 4, 1918.) 

The naturally occuirring foodstuffs contain inorganic sulfur to 
such an extent that it is improbable that any normal diet is free 
from them. There is, how(iver, considerable variation in the 
amount furnished by giv(m dietaries, and the value of these, in 
part, may be (h^fxuidcnt upon the amount present. A survey of 
the rations used in studies i)crtaining to the value of the various 
foods! uffs in nutrition suggests that such may be the case, if one 
may judg(^ from ih(^ fact that in these more or less sulfate has 
always been includtul. Whether or not this inorganic sulfate is 
really nec(^ssary for physiologic processes, or whether it is merely 
used as a m(*ans of carrying the basic ion to which it is attached, 
is not shown by the (‘xperimental data; nor have we been able to 
find direct evidence that the inorganic sulfates may not be used 
for building the organic sulfur complexes of the body, although it 
is generally coiuaMled that- these requii‘ements must be met by 
the organic form. 

The importance of the sulfur-containing amino-acid, cystine, 
has been pointed out l)y a number of investigators. In studies 
pertaining to the value of different proteins in nutrition Osborne 
and Mendel* have shown that cystine is a limiting factor in 
c(‘,rtain cases, foi* example, casein. The addition of cystine to 
rations furnishing small amounts of casein produced a resumf)tion 
of growth in animals previously stunted on similar rations con- 
taining no cystine. The addition of small amounts of cystine to 
diets low" in protean, lAwis*-* found diminished the nitrogen elim- 
ination in dogs, whereas an equivalent amount of nitrogen in the 

* Osborne, T. B., and Mendel, L. B., J, Biol. Cliern., 1915, xx, 351. 

“ Lewis, H. B., ./. Biol, Chem., 1917, xxxi, 363. 
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form of tyrosine or glycocoll, when substituted for cystine in 
similar rations exerted no such influence. Since neither investi- 
gation was concerned with the metabolism of sulfates as such, no 
attempt was made to increase the inorganic sulfate content of 
the diet as the protein was decreased. In Osborne and Menders 
work the mineral needs of the animals were met by “protein-free’^ 
milk which carries small amounts of inorganic sulfates. It is 
probable that not enough sulfates had been included to make up 
for the lowered cystine intake on the 9 and 12 fier c(>nt casein 
rations, if such had been possil)le. Lewis’ diets were noticeably 
low in sulfate on the low protein days. 

McCollum and Davis in an investigation concerned with the 
influence of minerals on the gi’owth of rats, fed a sulfate-free salt 
mixture; but since the ration contained approximately 22 per cent, 
protein, furnished by 10 per cent of casein. 10 per ctmt of milk 
powder, as well as 04 per c(mt of wheat, an adequate amount, of 
cystine was supplied. Furthermore, some inorgani(‘ sulfates 
were included in the milk powder. 

In the study herein reported we have endeavored to olitain 
data which might throw light on the part played by the inorganic 
sulfates in nutrition, and to determine, as far as possible, whether 
the animal organism is able to synthesize the indispensable cystine 
from the inorganic sulfates. Young rats weighing between 40 
and 80 gm. were divitled into groups, two in each case, which were 
fed rations containing 18, 15, and 12 per cent of casein, respec- 
tively. One group in each case received rations which included 
no sulfates. The other groups w'cre given rations containing sul- 
fur in the form of sulfates equivalent to the amount furnished by a 
ration consisting of 18 per cent of casein plus a salt mixture 
similar to that of whole milk. In all other respects the rations 
w^ere comparable, 1 gm. of each ration supplying 4.86 calories. 

The casein used in the rations was obtained from sour milk by 
acid precipitation. In the process of purification the curd was 
washed 24 hours in running water, dissolved in 2 per cent ammon- 
ium hydroxide solution, reprecipitated with 2 per cent acetic 
acid, and again washed 48 hours, after whicR it was dried at about 
40°C. and ground to a fine powTlcr. 

Vr . ' 

3 McCollum, E. V., and Davis, M., ./. 1^1^’ 615. 
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The food accessories were furnished by Imtter fat and the alco- 
holic extract of wheat embryo. The butttir fat was obtained by 
melting butter at 4()®C., centrifuging at, high speed, and pouring 
off the supernatant liquid, whi(*h was the part used in the expej-i- 
ments.'* In preparing the water-soluble food accessory the wheat 
embryo was treated with cold 95 per cent alcohol for 24 hours and 
then filtered. Distilled water was added to th(^ filtrate, and the 
alcohol removed by distillation. 9 grn. of wheat embryo furnished 
the extract for 100 gm. of food. 

With the exception of that used with the sulfate-free diets, 
the mineral mixtures varied with tl\e amount of casein used in 

TABLE I. 


Com /jotiHioii of Sail Mixfures Cued in I he Jiaiiofis. 


• Salt 


Ali.vturts. 



Xo. J. 

Xo. n. 

No. TIL 

No. IV. 


gm. 

gvi . 

gm. 

gm. 

XaCl 

0.874 

0.874 

0.874 

0.874 

KCl 

0..748 

0.548 

0.548 

0.548 

Caimb 2lb() 

li.Vm i 

3.000 

3.0(K> 

3.000 

Ca lactate 

o.:580 

0.380 

0.380 

0.380 

MgSO^.TlbO 

i 0.438 

0 

i ; 

0 

K2S()4 

! 0 

0 

0.431 1 

0.502 

Mg citrate. 14Ib() 

0.433 

O.S48 

1 0.848 

0.848 

K citrate 

' 2.278 

2.01 

2.107 1 

1.053 


the various diets, and w(u*e as far as possible comparable to the 
inorganic content of milk.’’ A few crystals of ferric citiate were 
added to each ration at the time the food was mixed. The iodine 
needs of the animals were satisfied by the addition of two drops 
of a 2 per cent solution of potassium iodid(‘ once a week in the dis- 
tilled drinking water. Table I gives the composition of the salt 
mixtures used. 

Table II gives the composition of the rations. 

These materials, together with 1 grn. of filter paper in each case, 
were mixed with distilled water and heated long enough to 

* Osborne and Mendel, /. JJiol. Chem.. 19Ui-14. xvi, 423. 

* Forbes, E. H., Ohio A gric. Exp, Station Bull. £07, 1900. 
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gelatinize the starch. The extract of the wheat embryo was 
added after the mixture had cooled. 

The curvCvS of growth of the two groups of animals receiving the 
18 per cent casein rations are similar ((^hart I, Groups 1 and 2). 
Those fed the rations containing no sulfates, as well as those re- 
ceiving the usual amount of sulfates, grew normally and repro- 
duced. Similarly, growth in th(‘ two groups receiving the 15 per 
cent casein ration was comparal)l(\ The female in the sulfate- 
free group gave birth to six young averaging 4.5 grn. each (Chart 
II, Groups 1 and 2). Apparently inorganic sulfates when added 
to a diet supplying an adequate amount of a cystine-containing 
protein fulfills no important nutritive function. 


TABLE II. 

('ofn ftiifiiiov of I he Rationa per 100 Gm. 


Ration. 

C’aaein. 

Lard. 

j Butter fat. 

Cornstarch. 

Salt mixture 
No. 

Salt mixture. 


gm. 

gm. 

1 gm. 

gm. 


gm. 

I 

18 

15 

10 

47.44 

I j 

8.50 

IV j 

15 

15 

10 

50.2 

III 

8.8 

V I 

18 j 

15 

10 

47.13 

II 

8.87 

VI 

15 

15 

10 

50. 18 

II 

8.87 

VI 1 

12 

15 

10 

53.13 

11 

8.87 

vin 

12 

15 

10 

53.23 

IV 

8.77 


Especial interest was attached to the animals on the 12 per cent 
casein ration, for it was believed that here the most conclusive 
evidenc(‘ regarding the ability of the animals to synthesize 
cystine from the inorganic sulfates would be obtained, since it 
has b(*en shown that normal growth is not produced on rations 
furnishing only 12 per cent of casein as the solo ‘Source of cystine. 
The curves of growth (Chart III) of our two groups on the 12 per 
cent rations are strikingly similar, both being considerably be- 
low normal. There is no evidence here that rats are able to use 
the inorganic sulfates to replace the necessary cystine. Had the 
animals been able to do this in an appreciable degree, there 
would have been an approach to more nearly normal growth 
on the part of those animals receiving the liberal amount of the 
i norgan ic sulf a tes . 
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CHART I 



CIiiAUT I. (y<)inparal)U' results W(‘rc ol)lainc(l in the animals (Group 1 ) fed 
rations containing 18 f)er (;ent of casein with no sulfate additions (Ration V), 
and in those (Grouj) 2) receiving an IH per cent casein ration plus a mineral 
mixture which included inorganic sulfates (Ration 1 ). 


CHART K 



CuAiiT II. A ration containing 15 per cent of (‘.asein with no additional 
sulfur in the form of sulfates supplied enough cystine for growth and repro- 
duction. Growth in Group 2, in which the animals received no inorganic 
sulfates (Ration VI), was slightly better than in Group 1 where the ration 
included sulfates (Ration IV). The six young in Group 2 averaged 4.5 gin 
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CH/^RT M 



Chart III, Animals (Group 1) deceiving rations furnishing 12 per cent 
of casein together with a mineral mixture supplying no inorganic sulfur 
(Ration VII) grew quite as well as those rats (Group 2) receiving 12 per 
cent of casein (Ration VIIT } with a mineral mixture containing sulfur 
in the form of sulfates equivalent to that in a. ration made up of 18 per 
cent of casein plus a salt mixture similar to that of whole milk. The 
curves of growth in both cases are considerably below normal. 


f 





METHODS FOR THE DETERMINATION OF PHOS- 
PHORIC ACID IN SMALL AMOUNTS OF BLOOD. 


By W. R. BLOOR. 

{From ihe Laboratory of Biological Chemistry, Harvard Medical School, 

Boston.) 

(Received for publication, July 12, 1918.) 

As a result of the study of lipoid-phosphoric acid compounds 
in the blood in various conditions and for other reasons discussed 
in the succeeding paper, the writer has been led to an investiga- 
tion of the other forms of phosphoric acid combination occurring 
in blood, in the hope of making clear the relation of these com- 
pounds to fat metabolism and incidentally of getting some in- 
formation regarding the many other functions of phosphoric acid 
in the living organism. The methods used in the investigation 
are reported below. They consist of extensions of a method al- 
ready used (1) for the determination of lipoid-phosphoric acid 
compounds (^Mccithin’’) in blood and are based on the nephelo- 
metric use of the strychnine molybdate reagent of Pougei and 
Chouchak (2). This extremely sensitive reagent has been found 
very satisfactory for use in determining the minute amounts of 
phosphoric acid in the small amounts of blood which it is expedi- 
ent to obtain from living animals and especially from human 
beings. It was first introduced into this country by Greenwald 
(3) who used it as a colorimetric (really turbidometric) method 
for the determination of phosphates in blood serum. He used 
the solution as originally devised by Pouget and Chouchak — a 
nitric acid solution of the {jtrychnine molybdate. This reagent 
gives quite good results used either turbidometrically or nephelo- 
metrically but has the disadvantage that it must be prepared 
fresh each time, Kober and Egcrer (4) modified it, using hydro- 
chloric acid in place of nitric acid, and adapted the procedure for 
use in nephelometric, determinations. Kober and Egerer’s 
reagent keeps well and is a great improvement on the original. 
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For use in determining lipoid phosphorus lecithin’ 0 in blood 
certain modifications of their pro(^edure were, however, found neces- 
sary. In th(‘ work reported below the reagent is modified with 
the object of making it. stronger and of lessening the manipula- 
tions required for producing the precipitation. 

The reagent as used was pn^pared as follows: 

Sodium Molybdate. — Pr<q)ared either according to the direction 
of Kober and Egerei* or, more simply, in the following way. 
72 gm. of molybdic acid are mixed with about 300 cc. of water 
and neutralized with 40 per cent sodium hydroxide (free from all 
but trac^es of phosphates). Pure acid i-ecjuires the theoretical 
amount of 100 cc., impure samples require less. The molybdate, 
now in clear solution, is boiled for about a half hour, adding 
water to keep the volume constant and alkali if th(‘ solution be- 
comes turbid. About 1 gm. of talcum powdc'r is added and 
after a furthei* 5 minuti^s boiling the solution is filtered and the 
filtei* wiishcd onc(» with hot water, adding the vviishings to the 
main filtrate. After cooling, the solution, containing approxi- 
mately 100 gm. of sodium molybdate, is read\’ for usv.. Most of 
the molybdic aciil now available* contains ajiimonia, which is 
volatiliz(*d during the boiling and allows some of the acid t.o pre- 
cipitate, hemce the need of more alkali eluring the boiling. 

. Preparation of the Reayeni. -Suffieiemt of the above solution to 
contain 30 to 35 gm. of sodium molybdate (or this amount of 
dry .sodium molybdate di.ssolved in a small amount of water) is 
nw^asured into a precipitating jar or large beaker (2 liters), and 
250 cc. of a mixture of equal parts of conc(mtrat(*d IK 3 and water 
are added with stirring. 500 cc. of water arc* mixed with the 
solut.ioji ami 40 to 50 cc. oi saturated strychnine sulfate solution 
slowly added with .stirring. 200 cc. more of thc^ dibit, e acid and 
500 cc. more water are added and, after mixing, the turbid solu- 
tion is allowed to stand over night or longer if (‘onvenient. Next 
day the jirecipitate has settled and most, of the liquid may be 
poured off (4(^ai-. The remainder is^filtered through a hardentid, 
phosphorus-free filter. P\)r use in th(5 determination, 25 cc. of 
this solution are taken without further additions. 

Methods. - The d(‘ termination of phosphates is based on the 
precipitation of the phosphoric acid by the reagemt as strychnine 
phosphomolybdate and the measurement of the amount of pre- 
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cipitate by comparing it ncphelometrically with the precipitate 
produced, under conditions as nearly identical as possible, in a 
standard phosphate solution. With blood, in most cases a pre- 
liminary ashing with sulfuru* and nitric acids is necessary to get 
rid of organic material. Greenwald (t3) found that this method of 
ashing did not always yield accurate results and recommended a 
modification. In our hands the sulfuric-nitric ashing has been 
found entirely satisfactory when precautions arc taken as men- 
tioned below. 

Total Phosphates. 

Whole Blood. 

3 cc. of blood are measured with a pipette into a 25 cc. 
graduated, glass-stopper(‘d tiask, the flask is filled to the mark 
with water, and the solution w(dl mixed. 1 cc. of the solution 
(equivakait to 0.12 cc. of blood) is measured into a large 
(2(X) X 25 mm.) test-tube, 1.5 cc. of a mixture of concentrated 
sulfuric and nitric acids and a few glass beads an* added, and 
the whole is heated with a microburaer in the hood or by making 
use of some type of fume absorber (5). The heating is carried 
out in three singes. In the first siag(‘ the mixture is raisc^d to 
boiling and then the flanie turned down until only a slow but con- 
stant bubbling takes place. Heating is (‘ontinued at this rate 
until red funu's c(*as(‘ to come ofl\ llie time rc^quired varies 
with the sample but ordinarily is iK»t more than 15 minutes. In 
tin* second stage of heating tin* flanu* is increasetl until the water 
is driven off and strong heating with volatilization of a ])arl of 
the sulfuric acad is continued for 8 to 10 minutes, taking care 
not to heat so strongly tliat the tube approaches drynt'ss, in which 
case loss of phosphoric acid may occur. Tlte sulfuric acid solu- 
tion should now be clear and (colorless. If it is Inownish in color, 
a drop of HNCh should he added and the heating continued for 1 
minute. In the third stage the mixture is allowed to cool some- 
what (for about 2 minutes) and then one or m^n* drops of 1 per 
cent cane sugar solution is added. (The amount added should 
he enough to produce a deep browning of the hot solution and the 
color should disappear when it is boiled. If too much sugar 
solution has been a(}ded and the brown or yellow (‘olor persists 
after a half minute of boiling, a trace of nitric acid should be added 
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an# the boiling continued,) The solution is then boiled until the 
moisture is gone — about 1 minute — then cooled and about 10 cc. 
df water are added, rinsing down the sides of the tube. The 
solution in the tube is neutralized by approximate titration with 
10 per cent NaOH (from sodium) using one drop of 0.3 per cent 
phenolphthaJein as indicator, noting the amount of alkali added, 
then made just acid with a drop or two of dilute sulfuric acid (25 
per cent). It is then cooled, transferred quantitatively to a 25 cc. 
glass-stoppered graduated flask, the tube rinsed several times with 
water and the washings added to the flask, and the volume made 
up to the mark with water, and the whole well mixed. 

Standard Phosphate Solution . — 5 cc. of the standard acid po- 
tassium phosphate solution (containing 0.15 mg. of H3PO4) are 
measured into a 25 cc. glass-stoppered graduated flask, a drop of 
phenolphthalein is added, and the amount of alkali used in neu- 
tralizing the digestion mixture above run in. The solution is then 
made just acid with the 25 per cent H2SO4, cooled, made up to 
the mark with water, and well mixed. 

Precipitation . — 25 cc. portions of the strychnine molybdate 
reagent are measured into each of two 50 cc. glass-stoppered, 
graduated flasks. 5 cc. of the standard solution are run into 
one of the flasks, which is kept gently rotating during the addi- 
tion, and 5 cc. of the test solution similarly added to the other. 
When the solutions are well mixed they are allowed to stand at 
least 3 minutes, then filled to the mark, ^and mixed by inverting 
several times, after which they are ready to be compared in the 
nephelometer. 

Reading . — The nephelometer tubes are filled with the solutions 
to the same height and to the point at which, when the tubes are 
in position in the nephelometer, the meniscus is just out of reach 
of the light. The jacket on the standard tube is set at a conveni- 
ent point and readings are made as usual. 

^ Plasma. 

0.5 cc. of plasma is measured with a 0.5 cc. Ostwald pipette 
into i large test-tube, glass beads and 1.5 cc, of the sulfuric- 
nitric acid mixture are* added, and the solution is treated as 
with whole blood. If a 0.5 cc. pipette is not available, the plasma 
may be diluted with an equal volume of water and 1 cc. taken. 
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Corpuscles, 

Plasma and corpuscles are separated by centrifugation for 10 
minutes at about 4,000 r.f.m., the phisma is removed as 
completely as possible, the corpuscles are washed once by 
shaking with a volume of 0.9 per cent salt solution equal to 
the volume of plasma, then centrifuged at once in the .same way 
as before. If this operation is performed quickly, the small 
remaining amount of plasma is washed out without significant 
change in the phosphate content of the corpuscles (by dialysis). 
O.OJi cc. of corpuscles gives a total phosphate content of about 
the .strengtli of the standard used. To obtain this amount, 
1 cc. of the corpuscles is measured with an Ostwald pipette 
into a 25 cc. glass-stoppered, calibrated flask, the pipette rinsed 
clean with water, the rinsings arc added to the flask, and the 
mixture is made up to volume with water, and mixed. 2 cc. of 
this dilution (0.08 cc. of corpuscles) are measured into a large test- 
tul>e, then treated as in the case of whole blood. 

Lipoid Phosphoric Acid Ledthin,'). 

The determination of lipoid phosphoric acid has been de- 
scribed before (1) but sine(‘ the metliod as now used has Ijeeii 
modified in some details it is desirable to give it in part here. 

Whole Blood. -Z cc, of well mixed whole blood is measured 
into a 100 cc. flask containing about 75 c(‘. of a mixture of 3 
parts alcohol and 1 part eth(*r (both redistilled). The blood is 
jiiade to enter in a slow stream of drops and the liquid in tlie 
flask kept, rotating rather rapidly so as to prevent tlie formation 
of large aggregates of precipitate which are difficult to extract.. 
The flask and contents are then immersed in boiling water with 
frequent and strong rotation (to prevent superheating) until the 
liquid begins to boil, cooled to room temperature, made up to 
volume, mixed, and filtered. For the determination 10 cc. 
(== 0.3 cc. of blood) are measured into one of the large test-tubes, 
glass beads added, and the w'hole is evaporated to dryness in a 
boiling water bath. The tube should be shaken frequently" until 
boiling begins, after which the solution will proceed quietly to^ 
dryness. It should be left in the bath^a few minutes after it is 
apparently dry to remove traces of alcohol which would interfere 
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with the subsequent oxidation, 1.5 cc. of the sulfuric-nitric acid 
mixture are added, distributed by shaking to the material on the 
sides of the tube, and the mixture is digested in the same way as 
directed for total phosphates. 

Plasma, — 2 cc. of plasma are measured into 35 to 40 cc. of 
alcohol-ether in a 50 cc. flask as desciibed above and the whole 
process is carried out as for whole blood. For the determination 
15 cc. is required (0.6 cc. of plasma). 

Corpuscles. — Corpuscles are hemolyzed by dilution with an 
equal volume of warm water and allowing to stand for 10 min- 
utes, then 3 cc. of the dilution are measured into 35 to 40 cc; of 
alcohol-ether in a 50 cc. flask and treated as with whole blood. 
There is a tendency for the corpuscular precipitate to mass to- 
gether when it settles out and the flask should be well shaken 
occasionally during a half hour after which the extra(;tion may be 
proceeded with as befon'. For the determination 10 cc. of the 
extract (0.3 cc. of corpuscles) are used. 

Add-Soluhle Phosphoric Add — Inorganic and Other Forms. 

Whole Blood. 

The blood is first laked by the addition of an exactly e(|ual 
volume of warm (40°(3.) water and letting stand for about 10 
minutes with occasional •shaking. Of this mixture 5 cc. are 
measured with a pipette into 15 cc. of acid ammonium sulfate 
(see acid ammonium sulfate in the notes below, page 41) in a 
25 cc. glass-stoppered graduated flask. The blood is added 
slowly and the liquid in the flask kept rotating during the 
addition, after which the flask is filled to the mark with 
the ammonium sulfate, well mixed and let stand with occa- 
sional shaking for at least 10 minutes. The liquid is then fil- 
tered through a phosphate-free filter. The filtrate is clear, color- 
less, and free from protein. In this filtrate determinations are 
made of acid-soluble, inorganic, and, by difference, other forms of 
phosphoric acid. 

Inorganic Phosphoric Add. — 10 cc. of the filtrate (=1 cc. of 
original blood) are measured into a 25 cc. glass-stoppered flask, 
made to the mark with f^ater, and mixed. The standard is pre- 
pared by measuring 3 cc. of the standard phosphate solution (0.09 
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mg. of H3PO4) into a similar flask, adding 8 cc. of the acid ammo- 
nium sulfate (to balance the salt content of the test solution), 
filling to the mark with water, and mixing. Determinations are 
made with .5 cc. of this dilution as in total phosphates. 

Add-Soluble Phosphoric Add . — 2 cc. of the filtrate (0.2 cc. of 
blood) are measured into one of the large test-tubes, glass beads 
and 1.5 cc. of th(^ sulfuric-nitric acid mixture added, and the 
whole is digested with heat in the same way as for total phosphates, 
except that since the amount of organic material is very small, 
the first stage of heating may he passed over quickly. The neu- 
tralization and subsec|uent treatment are the same as for total 
phosphates. For a standard solution measure 3 cc. of the 
standard phosphate solution (0.09 cc. of IbPOd into a 25 cc. 
glass-stoppered flask, add about 1.5 (*c. of the acid ammonium 
sulfate and the amount of alkali us(‘d in mnitralizing the test 
solution. N(‘ut ralize with acid as usual, then make to the mark 
and mix. SubseciiKUit treatment is as witli total phosphates. 

Other Forms of Phosphoric d r/d.— Obtained by subtracting 
inorganic from acid-soluble phosphoric acid. 

Plasma. 

8 cc. of plasma are run slowly into 20 cc. of the acid ammon- 
ium sulfate solution in a 25 cv. glass-stoppered graduated 
flask, the volume is made to the mark with water, the whole 
mixed, and let stand with occasional shaking for at least- 10 min- 
utes, It is th(m filtered. Aft«r the filter has drained, it should 
be folded in the funnel and pressed out with a clean stirring rod 
to get as much filtrate as possible. The filtrate is clear and 
colorless and contains no detectable protein. With this filtrate 
determinations are matle of inorganic and acid-soluble and other 
forms as before. 

Inorganic. — (a) 10 cc. of the filtrate (=1.2 cc. of plasma) are 
measured into one of the 25 cc. flasks and made to the mark 
with water. A standard is prepared by adding to another flask 
3 cc. of the standard phosphate (0.09 mg. of H 3 PO. 1 ) and acid 
ammonium sulfate equal to that present in the test solution (8 
cc. is a sufficiently close approximation). The flask is filled 
to the mark with water, and precipitations and readings are made 
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as usual. The determination should be made promptly after 
filtering. (6) Where many determinations are to be made it is 
advisable to make a special standard, — when determinations may 
be made more simply as follows: 

Standard . — Made by measuring 2 cc. of the strong stock 
standard phosphate solution (=1.2 mg. of H3PO4) into a 100 cc. 
flask, adding 80 cc. of the acid ammonium sulfate, and making 
up to 100 cc. with water. Of this standard 5 cc. contains 0.06 
mg. of H3PO4. For the determination 5 cc. of the filtrate ( = 0.6 
cc. of plasma) are measured directly into 25 cc. of the strychnine 
molybdate reagent in one 50 cc. graduated flask, 5 cc. of the 
standard solution into another, and after mixing and standing 3 
minutes the flasks are filled to the mark, the solutions mixed, 
and determinations made. 

Acid-Soluhle . — 10 cc. of the filtrate are measured into one of 
the large test-tubes, glass beads and 1.5 cc. of sulfuric-nitric 
acid mixture are added, and tlui mixture is digested. The di- 
gestion presents some difficulties because of the large amount 
of ammonium sulfate pnjscnt. The first stage is passed over 
quickly, then in the second stage of heating when the mixture 
thickens and begins to foam, the heat is moderated and so con- 
tinued until foaming ceases and the salt fuses to a small volume 
in the tube. Heating is, then carried on at a rate jusl. sufficient 
to prevent loss of ammonium sulfate from the tube by volatili- 
zation for about 10 minutes. The tubes are then cooled, treated 
with one drop of 0.3 per cent cane sugar solution, and reheated 
in the regular way. After dissolving in water the solution is 
titrated with alkali, noting the amount used. The standard 
contains 3 cc. of the standard phosphate solution, 8 cc. of the 
acid ammonium sulfate, and the amount of alkali used to mm- 
tralize the test solution. The mixture is neutralized and the 
phosphoric acid determinations arc carried out in the regular 
way. ^ 

Corpuscles. 

5 cc. of corpuscles are measured with a pipette into a 10 cc. 
glass-stoppered grfiduated flask and the pipette is rinsed clean 
with small portions of warm water. The rinsings are added 
to the flask, the whole is made to volume, mixed, and let stand 
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with occasional shaking for at least 10 minutes to allow 
laking of the corpuscles. 5 cc. of this dilution are run slowly, 
with shaking, into 15 to 18 cc. of the acid ammonium sulfate 
in a 25 cc. flask, the volume is made to 25 cc. with the ammonium 
sulfate solution, and the whole well mixed. Of this mixture 10 
cc. are measured out and used for the determination of acid- 
soluble phosphoric acid as directed below. The remainder is 
allowed to stand at least 10 minutes, then filtered, and determi- 
nations arc made of inorganic phosphates. 

Inorganic. — 5 cc. of the filtrate (=0.5 cc,. of corpuscles) are 
used for the determination which is carried out as in method 
(6) for plasma, using the same standard. Determinations should 
be made at once after filtering since in certain cases and particu- 
larly in warm weathei* the values have been found to increase on 
standing, probably at the expense of the unknown acid-soluble 
phosphoric acid compound. 

Aci'dSoluhle. — 10 cc. of the ammonium sulfate-corpuscle 
mixture are measured into a .small flask and immersed for 2 
minutes in boiling water. After cooling it is poured into a 25 
cc. graduated flask, the small flask is rinsed with 10 cc. of the 
acid ammonium sulfate, and the rinsings are added to the main 
portion in the 25 cc. flask. The volume is made up to the mark 
with waiter, mixed, and filtered. For the determination 2 cc. 
of the filtrate (0.08 cc. of corpusedes) arc measured into one of 
the large test-tubes, glass beads and 1.5 cc. of the sulfuric- 
nitric acid mixture are added, the whole is digested, and deter- 
minations are made as with total {diosphates, the small amount 
of ammonium sulfate present not inbafering. For the stand- 
ard, 5 cc. of tlie standard phosphate (0.15 mg. of H:iP 04 ) are 
used and to it arf^ added 1.5 cc. of the ammonium sulfate solu- 
tion; then it is treated with alkali, neutralized, etc., as in the 
regular determinations. 

Notes on the Methods. 

Solutions Required for These Determinations. — 1. The strych- 
nine molybdate reagent as described, 

2. Acid ammonium sulfate. Saturated ammonium sulfate, free 
from all but traces of phosphate, to which have been added 15 
cc. of glacial acetic acid per liter. 
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3. Standard phosphate, (a) Stock standard, containing in 
100 cc. 0.0834 gin. of piire^ acid potassium phosphate. (6) Stand- 
ard for use: dilute 25 cc. of the above to 500 cc. Each 5 cc. of 
this standard contains 0.15 mg. of H;,P04. The dilute standard 
has been found to det eriorate in hot weather and should be made 
up at least once a month. 

4. Sodium hydroxide (from sodium) 10 to 20 per cent. 

5. Concentrated sulfuric and nitric acids free from all but 
traces of phosphates (see below). 

6. Dilute sulfuric acid. 1 part of the c.onccntrated acid and 
3 parts w^ater. 

Blanks run with the acids, alkali, and ammonium sulfate 
should show only a slight cloudiness on standing for 1 hour 
with the reagent . The oi-dinary highest grade reagents obtain- 
able up to the present time hav(^ been found satisfactory with 
the exception of the sodium hydroxide which should ])e made from 
the metal. If the distilled water is stored in metal tanks it 
may contain lead which is itself a fairly good precipitant for 
phosphates. The water should theix^fore, he stored in glass. 

Because of the minute amounts of phosphoric acid determined 
the greatest care should be used to avoid contamination, and 
free use should be made of good distilled water. For the same 
reason glass-stoppered measuring flasks should be used throughout. 

Reagents . — With impure samples of inolybdic acid a highly 
colored solution is often obtained which is difficult to use. It 
has been found that if the colored solution is exposed to sun- 
light for a time the color fades and, if the reagent is then taken 
out of the direct light, does not reappear. (If placed in the 
darky the color reappears to some extent, and, if exposed to sun- 
light too long, the reddish purple color changes to a deep yellow 
which is almost as difficult to work with as the original color.) 
If pure ^molybdic acid is used, as recommended by Kober and 
Egerer, the reagent is colorless but with the above precautions 
it has been found possible to use acid of varying degrees of 
purity. 

Methods . — The quantities of blood taken are based on the aver- 
age values for normal human blood and variations in amount of 
blood or strength of standard may be necessary in special cases. 
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The tubes with the beads should be given a preliminary 
“steaming out’’ by boiling concentrated sulfuric acid in them for 
at least half an hour. Four beads about 3 mm. in diameter 
have been found the most satisfactory number for each tube in 
the determinations. With use they become etched by the strong 
acid and are then more effective in promoting even boiling than 
when new. 

If the heating of the blood with the acid mixt ure is hastened 
too much, the nitric acid may be driven off befoie oxidation is 
comphite — as shown by a darkening of the solution. If this 
occurs one or two drops of nitric? acid are added, and the heating 
is continued. 

The use of the cane sugar is necessaiy b(?cause of the forma- 
tion of a varying amount of some comixnind of phosphoric acid 
(probably a nitric acid compound) which do<‘s not precijMlate 
with the reagent and which is d('stroy(‘d l)y organic* Tuaterial 
added. I n t he dcd-erniination of lif)oid pliosphoric acid I lie sugar 
appciars to be h'ss necessary, but in dot (*rmiriat ions of total phos- 
phates low values are invariably obtained unless it is used, and 
it is safest therefore to use it as a routine? procedure in all deter- 
minations. Tli(? f(.)i*mation of this compound may be the reason 
why Greenwald found the sulfuric-nitric acid digestion unsat- 
isfactory. 

During tin; boiling of a H2S04-'water mixtur(i, first the excess of 
water is boiled off, tlnai the water vapor is su(?ceeded by a dense 
white cloud of mix(‘d water and sulfuric acid vapor, and finally 
by the much thinner vapor of the sulfuric acid alone. In this 
final stage a clear zone appears between the liquid and the 
vapors above. The appearance of the clear zone indicates that 
the heat is strong enough. 

Accurate nephtdometric measurements are possible only when 
the size of the particles of the suspension is approximately the 
same in both standard and test solutions. I'his similarity is 
secured by adjustments of <;onditions as regards .salt (content, 
temperature, etc., which arc made as nearly as possible the same 
in both solutions. 

3 minutes is the minimum time for the precipitation to come to 
the point where it may be measured. The length of time that the 
solutions may stand and still give accurate readings has not been 
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determined, but in solutions no more than 25 per cent apart no 
significant change has been found in 20 minutes. 

The jackets of the nephelometer should fit snugly at the top 
so that the light is cut off sharply at that point and there should 
be the minimum of play in either tubes or jackets, otherwise con- 
sistent readings are not obtained. It is rarely possible to get 
tubes or fittings sufficiently alike so that when both tubes are 
filled with the same solution and the standard set at a given 
point, say 25 mm., the test solution will read 25 mm. Kober’s 
suggestion has always been followed in this connection; 4,c., 
set the test solution at the required point (say 25 mm.) and 
adjust the standard until the two fields are the same. Then set 
the standard at that point and call it 25 mm. The correctness 
of the position should be tested frequently. 

The Richard^s type of nephelometer (Mth moving jackets), 
made by adapting a Duboscq colorimeter (G), was used through- 
out the work. This type of nephelometer is b(‘licv(id to lx? pref- 
erable to the plunger type because no foreign ])ody with its pos- 
sible sour(;os of contamination comes in contact! with the solu- 
tions. The danger will be realized when attjntion is directed 
to the fact that in ordinary determinations the amounts measui‘(Hl 
are about 0.03 mg. of H 3 PO 4 in 50 cc. of solution. 

Correction. — For reasons which have been discussed in part: 
elsewhere (1,4) the readings obtained in the nephelometer are not 
exactly proportional to the amounts of phosphoric ac’Jd in the 
solutions. Strong solutions appear stronger and weak solu- 
tions weaker than they should. Different schemes for correc- 
tion of the readings have been suggested, none of which has been 
found entirely satisfactory and for exacjt work the nec(‘ssity for 
correction is avoided by adjusting the strength of the standard 
until the correction falls within the limit of error of the method. 
Solutions up to about 25 per cent stronger or weaker than the 
standard may be compared without correction. Solutions from 
25 to 50 per cent above or below the standard may be* read with 
correction with an accuracy of 3 to 5 per cent of the theoretical 
value. It is not thought advisable to attempt comparison of 
solutions varying more than 50 per cent from the standard. The 
standard phosphate solution contains 0.03 mg. of H3PO4 per cc. 
and if the regular 5 cc. make a standard more than 50 per cent 
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above or below the test solutions, a fresh standard should be 
made with 2 to 10 cc. of the standard, which will give solutions 
falhng within the ordinary range of blood phosphates. , Adjust- 
ment of the salt content must of course be made as with the 
ordinary standard. 

In the determination of lipoid-phosphoric acid it makes no 
difference whether the second part of the extraction — the heat- 
ing — is done at once or after some time. Ordinarily it has 
been found convenient to keep the flasks in a cool, dark place 
for a week or more until a suitable number have accumulated 
l:)efore finishing the process. The extracts kept cool in the dark 
and tightly stoppered will remain unchanged for 2 or 3 months. 
They may also be used for determination of other blood lipoids 
as well as lecithin. 

Alcohol-Cither has t)een found to make an exact separation 
of the lipoid from the acid-soluble forms of phosphoric acid com- 
bination in blood. Tests have been made for water-soluble 
phosphoric acid in these extracts as described (1) and also in the 
following way. 100 cc. of the alcohol-ether extract (of blood, 
plasma, or corputcles) were evaporated to dryness on a water bath. 
25 cc. of water were added, and the solution was raised to boiling 
with stirring. The extra(;t was saturated with ammonium sul- 
fate (to salt out the lecithin, etc.), filtered, and the filtrate was 
tested for inorganic and organic phosphoric acid. This test has 
been made a number of times and at no time was there found 
more than a trace of phosphoric acid — which may have origi- 
nated from the lecithin — even in cases of severe nephritis where 
the inorganic phosphate was known to be much above the nor- 
mal value. As further confirmation of the completeness of the 
separation, the sum of acid-soluble and lipoid phosphoric acid 
has been found in both plasma and corpuscles to be very nearly 
equal (probably within the limits of error of the various deter- 
minations) to the total phosphates. Hence if one is known the 
other may Ire determined by difference with a good degree of 
accuracy. 

Because of the tendency of the unknown phosphoric acid con- 
stituent of the acid ammonium sulfate extract (especially that 
from the corpuscles) to decompose, yielding phosphoric acid, the 
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determinations of inorganic phosphate should be carried out at 
once after filtering. 

Cold (room4emperature) extraction with acid ammonium sul- 
fate for at least 10 minutes was found to give complete extrac- 
tion of both inorganic and unknown acid-soluble phosphoric 
acid in whole blood and plasma but not of the unknown in the 
corpuscles. For this reason heating for 2 minutes was neces- 
sary to recover all of this substance from the corpuscles. Whether 
heating increased the amount of inorganic phosphoric acid ex- 
tracted from corpuscles could not be determined because heating 
decomposes the unknown, yielding phosphoric acid. For that 
reason inorganic phosphates could be determined only in the ex- 
tract made in the cold. Since, however, cold treatment gave 
complete extraction of inorganic from plasma and since added 
phosphate was completely recovered from corpuscles by the cold 
extraction, it is believed that it is adequate for the determination 
of inorganic phosphates in the corpuscles. 

To avoid a multiplicity of standards, directions are given for the 
use in most cases of a single standard. In case a single determi- 
nation is to be made on a large number of saniples it is better 
to make a special standard as in method (6) for inorganic phos- 
phates in plasma. 


• RESULTS. 

In reporting results of the use of these methods with blood the 
values are given in terms of phosphoric acid, since this is the 
only form of phosphorus known to occur in living beings. The 
values divided by 3.2 give a good apf)roximati()n to the values 
expressed as phosphorus and the values , for lipoid phosphoric 
acid multiplied by 8 to those for “lecithin. 

The checking of the nephelometric method for determining 
phosphoric acid against other methods has already been reported 
(1, 4) as has also the determination of lipoid phosphoric acid (1). 
The following results will indicate the possibilities of the remain- 
ing methods. 
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Recovery of Added Phosphates^. 



Added 

phos- 

phate. 

] ’resent in 

Blood and added 


blood. 

phosphates. 


Total pliosphates. 



mg. 

mg. per 

mg. per 

mg. per 

mg. per 

mg. per 


100 cc. 

100 cc. 

100 cc. 

too cc. 

lOOcc. 

Beef blood 

15 

02.7 

02.9 

77.7 

78.1 


plasma 

20 

50 

49.. 5 

70.2 

09.4 



Acid-soluhlf* phosphates. 


Beef blood 

14.1 1 

32.8 

32.8 

40.0 

47 4 


plasma 

14.1 

24 5 

24.8 i 

39.0 

38.7 


corpiiscle.s (laktjd) 

1 28.2 

1 

39.0 

.39.0 

08.0 

07.2 

OS. 4 


Inorganic ])hosphates. 


Beef blood 

14 3 

20.0 j I 

.34.0 



“ plasma 

13.7 ; 

20.0 20.7 

33 3 

.33 0 


“ rorpus<'IeH (laked) j 

28 0 1 

10 1 I 

38.0 




CalculQted and^ Determined Value on Whole Blood, Plastno, 
and Corpuscles. 

Kijowiiiji; tlio porceutago of c()rj>uscles, und the phospliale values 
for whol(‘ blood and f)lasina, the values for corpuscles may be 
calculated, and the compaiison of the found and calculatcal values 
is a good check on the accuracy of the determinations. They 
should check within 5 per cent. The following are results for 
total phosphates in mg. ])ev 100 cc. 



Corpus- 

cles. 

Plasma. 

Whole 

blood. 

Corpi 

C'alcula- 

tod. 

iscles. 

I )eter- 
tuined. 


per cent 

mg. per 
tm cc. 

mg. per 
100 cc. 

mg. per 
100 cc. 

mg. per 
100 cc. 

Sample I (human) 

43.0 

02 0 

130 

218 

210 

11 “ 1 

.34 4 

71.0 

130 

243 1 

2.50 

III “ 

48.0 

42.. 5 

120 

204 

205 

“ IV 

40.5 

43.5 

127 

223 

221 
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THE DISTRIBUTION OF PHOSPHORIC ACID 
IN NORMAL HUMAN BLOOD. 

Hy VV. li. BLOOR. 

(From the Laboratory of Biological ChcAaiatry, Harvard Medical Schoolf 

Boston.) 

flicceived for puldication, July 13, U)18.) 

In the last few years considerable evidence has accumulated 
to show tliat the lipoid compounds of phosphoric acid of the type 
of lecithin are probably of p:reat importance in tlu^ metabolism of 
the fats. For example a marked increase has been observed in 
lecithin in the blood and partitailarly in the corpuscles durinp; fat 
absorption (1). In those pathological conditions where the blood 
lipoids are abnormal, as in diabetes (2) and ancania (3) the values 
for lipoid [)lK)sphorus follow in general those for total lipoids. 
The increawse in fat which takes place in the blood of hens at the 
time of egg production has betm found to b(‘ actunnpanied by in- 
creased lipoid phosphorus (4). Tluui there is th(‘ vctv signifi- 
cant obscu'vation of Meigs and Blalluu'wick (5) that during the 
secr(‘tion of milk in cows the blood leaving the milk gland 
(‘ontained less lipoid phosphorus and more inorganic phosphorus 
than the blood ente?*ing tlui gland. Also that the decrease in 
lipoid phosphorus was sufficient to account for the fat of the 
milk — clearly indicating that the milk fat originated in the li|)oid- 
phosphorus compounds of th<» blood. On the other hand, in v(‘ry 
severe diabetic lipernia (ti), the increase of lipoid-f)hosphoric acid 
compounds^ was relatively less than that of some of the other 
lipoid constituents; cholesterol. The (luestion arose whether 
the reason for the relatively low value may have been the lack of 
phosphoric acid available for lipoid combination. This involved 
the general problem of the relation of the lipoid phosphoric acid 
to other forms of organic phosphoric acid in the blood. These and 

‘ In the report of this result (124 Cl. 786) the values given for lecithin 
in whole blood, plasma, and corpuscles were, through a miscalculation, 
ju.st half the true values. 
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Phosphates in Blood 


other considerations, as for example the part which phosphates 
take in the regulation of the reaction of the blood and tissues, 
combined to render the study of the distribution of phosphoric 
acid in the blood a very desirable form of investigation. 

The older work on this subject consisting mainly of determi- 
nations of total phosphates in blood and blood plasma or serum 
has been recently reviewed by Forbes and Kciitli (7). A summary 
of the work on lipoid-phosphorus compounds has been given in an 
earlier paper (8). Recent data regarding the distribution of 
phosphorus compounds in blood serum have been supplied by 
Green wald (9), Marriott and coworkers (10, 11), and by Feigl 
(12). Greenwald found that the phosphorus compounds of 
blood and blood sc^rum could be divided into three classes — lip- 
oid, acid-solubk^, and pi’otein. The last was pres(vrit only in small 
quantities in blood and was in negligible amounts or al>sent in 
blood serum. The lij)oid phosphorus was (*omplet(‘ly separated 
with the protein by the acid preci])itation. Greenwald’s values 
for acid-soluble phosphorus varied Ix'twcen 2 and 4.5 mg. per 
100 C(^ (= 6,8 to 14 ing. of H3PO4) and the lipoid phosphorus 
bet ween 6,6 and 10.7 ing. per 100 cc. (=21 to 84 rng. of H,-tP04) 
in four normal peisons presumably fasting, although no informa- 
tion is given on this point. Total phosphorus in these persons 
variefl between 9.5 and 18.6 mg. per 100 cc. (= 80 to 44 rng. of 
H.iP(4d, and the sum of lipoid and acid-soluble was about equal 
to th(? value for total phosphorus. Greenwald ’s method for 
determining acid-soluble phosphorus was by precapitation of the 
protcMii with dilute acetic and picric acids, filtering, and then 
ashing the filtrate. The values obtaiiuul by this procedure would 
be very close* t,o those given as acid-soluble in the work reported 
below. Th(^y include not only inorganic but, probably also another 
form of phosphoric acid combination (sc^e bi*low). 

Feigl found that thc^ normal ‘^soluble'’ phosphorus is less 
than 4 mg. p(*r 100 cc. of pla.sina (= about 18 mg. of H3PO4) 
in 90 jx^r cent of his normals but may oi;casionally go much 
higher. In a later communication he draws a' distinction be- 
tween e-phosphate and acid-soluble phosphates in which the 
acid-soluble is greater by about, 15 per cent. The original papers 
are not available*.. 

Marriott and Howland and Marriott and Haessler found 1 to 
3,5 mg. of inorganic phosphorus ( = 3.2 to 12 mg. of HaP04) per 100 
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cc. of human blood serum. Much larger amounts were found in 
nephritics with acidosis. 

The methods used for the present work have been described 
in the preceding paper and were adapted for determination of the 
distribution of phosphoric acid in a single? sample of blood as 
follows : 

15 cc. of freshly drawn citrated blood were separated into corpuscles and 
plasma by centrifugation for 10 minutes at 5ib«>ut 4,0(K) u.p.m., the plasma 
was remr>ved as completely as possible, and the corpuscles were washed once 
by rapidly mixing with normal saline and at once centrifugal ing as before. 
Aftfjr removal of the wash lifjuid, 5 cc. of the corpuscles were measured 
with a pij)ettc into a 10 cc. graduated flask, the pipette wa.s rinsed clean 
with small portions of water, and the washings were added to the flask 
which was then filletl to the mark and well .shaken. After standing for at 
least 10 minutes with occasional shaking, 5 cc. of (he mixture was used for 
acid-soluble and inorganic phosphates, cc. inoOcc*. of alcohol-ether for 
lipoid phosphoric acid and 1 cc. in 25 cc. of water, of which 4 cc. were 
taken, for total phosphates. Of the plasma. 3 cc. were used for acid-st)l- 
ul51e and inorganic, 2 cc. (in 50 cc. of alcohol-ether) for lii>oid, .and 0.5 cc. 
was used for total phos])hates. 

Since changes in tlic distrilmlion of the phosphoric acid have 
been found to tak(‘ jflace in the blood and (particularly in the 
corpuscles on standing, deterininations, (\specially of inorganic 
fphosifliaies, were (‘arri(‘d out as soon as possible after drawing 
th(‘ blood. Some of tlu'. samples obtained from a distance were 
put on i(*o at once and kept (U)ld until used. 

Because of the probable great influetice of food on the phos- 
pliate content of the blood, and also in order to prcs(‘rvc the con- 
tinuity of the series Ipegun wdth the blood lipoids, as well as to 
o])ttiin a norimd base for study (pf (‘hanges produccHl by various 
factors, blo(pd samples wore always taken in the postabsorplive 
eondit ion — befon? breakfast. 

The? normal men W’cre students in medicine at this School, the 
women W'Cre in part surgical cases as noted, from the w^ards of 
the Massachusetts General Hospital/"' with presumably normal 
metabolism, anti the others were normal healthy w*ojiicn. 

The results of tlic analyses expressed in mg. of (PlKPSiphoric 
acid per 100 cc. of plasma or corpuscles are given in Table 1. 

“ To all of those and to Dr. W. Denre of this School, who obt ained 
most of the women’s sami)les for me, I acknowledge my imlebtediicss and 
express my thanks for their cooperation. 
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DISCUSSION. 

The values in general are within the limits reported by other 
investigators, with the exception of those for lipoid phosphoric 
acid — some of which are also different from our own previously 
published normal values (8). In the plasma, for the men the 
average is 22 mg. of H3PO4 per 100 cc., as compared with the 
previously found average of 26 mg. and (ireenwald’s average of 
25 mg. The relatively large number of low values found in this 
series explains the lowered average. One value (No. 715) is con- 
siderably higher than those previously found and since this value 
seems exceptional it is not included in the average. For women 
the average is very nearly that previously reported — 24.9 mg. of 
H3p()4 per 100 cc,, as compared with the previous value of 23.8 
mg. 

In the corpuscles, the lipoid phosphoric acid valiK'S for the men 
average 57 mg., with variations of 44 to 67 mg., as compared wijth 
the previous average of 50 with variations of from 44 to 55 mg. of 
H3PO4 per 100 cc. For the women the average is 57 with varia- 
tions of 47 to 63 mg., which is practically the same as previously 
reported — average 55 and variations of from 49 to 60 mg. per 100 
cc. It should be noted that the values given for lipoid phosphoric 
acid in this paper are the result of direct determination ; those in the 
earlier work, of calculation from values for whole blood and plasma. 

Variations in all values are in general more marked in the plasma 
than in the corpuscles. In this connection the practically identi- 
cal average values for all constituents in the corpuscles of men 
and women is probably more than a coincidenc^e and both obser- 
vations are in agreement with the idea that the corpuscles are like 
other cells in having more or k^ss constant values for their vari- 
ous constituents, while the plasma, being the medium of exchange 
between the exterior and the blood and tissue cells, is naturally 
more variable in composition. 

The constituent showing the greatest percentage variation in 
the plasma is the so called “Other forms” — unknown phosphoric 
acid combinations. Next in variability is the lipoid phosphoric 
acid which is the greatest factor in producing the variations in 
total phosphates. In the corpuscles the most variable constituent 
is the inorganic phosphoric acid. 



TABLE I 


Phosphoric Acid Compounds in Normal Human Blood. Mg. of HtPO^ 
per 100 Cc. 



Plasma. 

Corpuscles. 

Total. 

Acid-solu- 

ble. 

Inorganic. 

Lipoid. 

Other 

forms. 

3 

o 

H 

h 

1 . 
'OAJ 

« 

1 

s 

Lipoid. 

Other 

forms. 

Men. 











BFY 000 

43.5 

9 3 


33 3 


221 

160 


55.2 


DJ 702 

28 . 2 

10.0 

8.2 

20.0 

1.8 

195 

151 

20.3 

4S.0 

130.7 

DV 703 

27.3 

10.8 

9.0 

17.2 

1.8 

200 

150 

13.3 

46.5 

136,7 

FJT 705 

29.3 

10 7 

0.7 

10 0 

4.0 

185 

140 

16.2 

46.5 

123 8 

BFS 700 

29.0 

10 3 

9.7 

21.2 

0 0 

250 

192 

20 7 

57.8 

171.3 

BWS 707 

28 3 

11 0 

10 1 

18 5 

1 5 

210 

160 

22.0 

43.5 

137.4 

C.'Y 70S 

30 0 

114 

8.3 

17.5 

3 1 

210 

152 

13.7 

44.2 

138.3 

ACB 709 

24 3 

9 0 

7.5 

10 0 

1.5 

225 

156 


01.7 


LA 710 .. . 

34 0 

13 7 

12 0 

21 3 

1 7 

200 

200 


00 6 


AT 711 

29 3 

8 0 

70 

20 5 

0 4 

280 

214 

12.2 

60.6 

201.8 

BMS 712 

40 0 

7 5 

0 0 

33.3 

1.5 

270 

210 

25.0 

62 . 5 

185.0 

lUP 713 

33 3 

10 0 

S 0 

23 5 

2 0 

275 

208 

17 0 

66 6 

ISO 7 

(-HI1 714 

29' 3 

8 7 

8 5 

22 8 

0.2 

258 

197 

15 . 4 

65 5 

ISl 0 

FLL 710 


12 5 

11 5 

21 7 

1 0 

292 

1 234 

27.3 

62 5 

200 7 

PW 720 

33 5 

10 0 

9 1 

20.7 

0 0 

238 

! 184 

20.0 

50.0 

164.0 

Id) 717 

35 3 

10 7 

7 0 

21 7 

3 7 

315 

250 

12.0 


238.0 

KHL 715 

54.2* 

12 5 

10,7 

40.0* 

1.8 

325 

250 

26.1 

00.6 

223 . 9 

VV’ornen, 











(TIB 718 

.TLo 

9,4 

8.0 

23 5 

1 4 

200 

205 

10.7 

47.0 

188.3 

XB 719 

31 0 

12 0 

11 .0 

19 0 

10 

2()5 

202 

IS. 8 

54 . 5 

183.2 

S 724 

33 . 0 

12.2 

11.5 

24 3 

0 7 

247 

182 

IS. 2 

58 . 9 

103.8 

M 725 

41 0 

13.8 

12.0 

27.2 

12 

250 

179 

17.2 

62.5 

161.8 

(It 721 

33 3 

11.2 

9.7 

21 .5 

1 .5 

259 

2(X) 

11.8 

55 . 5 

1SS.2 

Ht 722 

30.8 

10 0 

8 5 

25 0 

1 5 

2(>2 

20() 


62.5 


Pf 723 ... . 

39 3 

14 0 

10 0 

29 0 

4.0 

259 

1 96 

9.8 

54.8 

186.2 

Ht 720 

37 . 5 

13 8 

13 8 

25.0 

0 0 

250 

183 

18,1 

59 5. 

164.9 

Dt 727 

34 . 3 

14.3 

13 7 

23.0 

0 0 

218 

160 

20 3 

59 . 8 

133.7 

Kt 728 

37 . 5 

14 0 

13.;. 

22.2 

0 7 

218 

159 

14.7 

51.3 

134.3 


AverageK and variations. 


Mon. 











Lew 

24.3 

7.5 

6.0 

16.0 

0.4 

185 

MO 

12.0 

43.5 

123.0 


32 0 

10 4 

8 7 

22 1 

1 72 

248 

188 

18 7 

57.0 

172.0 

High 

43.5 

13.7 

12.0 

23.3 

4.0 

325 

250 

27.3 

(iO . G 

238. 0 

Women. 









I 


Ijow 

31.0 

9.4 

8.0 

19.0 

0.0 

218 

160 

9.8 

I 47.0 

133.7 

Average 

36.2 

12.4 

11.2 

24.9 

1.26 

249 

187 

15.7 

i 56.6 

167.0 

High 

41.0 

14.3 

13.8 

29.0 

4.0 

265 

206 

26.3 

62.5 

188.3 


■•Not included in the average, 
t Surgical patients. 
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The s\im of acid-soluble and lipoid phosphoric acid has in 
almost all cases been found to be equal to the value for total 
phosphates, within the limits of experimental error, so that the 
presence of any considerable quantity of other forms of phosphoric 
acid combination not included in these groups, — such as Green- 
wald’s protein-phosphorus compounds or nucleoprotein, — seems 
doubtful. 

There is a relatively great excess of all the groups of com- 
pounds in the corpuscles as compared with the plasma: total 
phosphates five to seven times, ‘'unknown” fifty to one hundred 
times, lipoid two to three times, and inorganic Iwice as much. 
For this reason and because of the relative constancy of values 
in the corpuscles, any active interchange of these compounds be- 
tween corpuscles and plasma seems open to question. The only 
kjiown instance of an interchange of phosphoric acid compounds 
is f hc case of lecithin’^ which accumulates in tfie corpuscles dur- 
ing fat absorf)tion and disappears from them in th(^ course of a 
few hours (1). It is possible that the compounds in the corpuscles 
are different from those in the plasma or that the corpusek^s may 
have the power of selective retention of, these substances such as 
they are known to have in the case of potassium. On the other 
hand the life of a corpuscle is known to be short and it is not un- 
likely that when it is broken up the relatively large amount of 
the various phosphoric acid compounds which it contains is lib- 
erated into the plasma and eventually into the urine, thus ac- 
counting for part, at least of the organic phosphorus of these 
fluids. 

Perhaps the most interesting fact brought out by these analyses 
is the presence in the plasma to a slight extent (up to 10 per 
cent) and in the corpuscles to a very marked degree (60 to 80 per 
cent of the total phosphoric acid) of the unknown compound (or 
compounds) of phosphoric acid designated in the table as "Other 
forms”. This compound, according to our present information, is 
soluble in dilute acids (acid ammonium sulfate, acetic, and nitric 
acids) but insoluble in alcohol-ether. A few observations indi* 
cate that it is an unstable substance, decomposing in the blood 
on standing and by dilute acids after extraction yielding phos- 
phoric acid. It is also slowly dialyzable. Nothing is known re- 
garding its chemical nature; in fact its presence in quantity has 
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not been suspected. Glycerophosphoric acid has been reported 
(13) in the blood in minute amounts and Greeiiwald (9) has sug- 
gested that some at least of his acid-soluble phosphorus in serum 
may be glycerophosphoric acid. He suggests also inosinic acid, 
although, as he has pointed out, the serum of the animals with 
which he worked does not contain purine nitrogen corr(^s{)onding 
to the amount of phosphoric acid (an objection which would not 
hold as regards the relatively small amount of the unknown 
compound present). An attractive possibility is that the un- 
known substance in the corpu.s(*les is indeed inosinic acid or 
some similar residue of the nuclcoprotein of the nucleus which 
is no longer present in the nuimmalian (‘lythrocytes. However, a 
few' observations on chicken erythrocytes (nucU^ated) indicate 
that this acid-soluble phosphoric acid compound is present in 
abundance in addition to the nucleic acid phosj)horus. The 
lai*gi‘ amount of oiganic jdiosphorus in the corpuscle's is also very 
significant in view of the fact that thc' corpuscles have been 
found to be oik' of the places of formation of “lecithin” during 
fat absorption and it seems likely that this sul)stance is the 
source of at U^ast the phosphoric*. a(*id of the* lipoid-phosphorus 
compounds. 

The pr(*.sence of inoiganic phosphates in the Vdood has been 
disputc'd. Taylor and Miller (14) found only nc'gligible traces, 
thus confirming the ob.servation of Gurlx*r (15). Greeiiwald (9) 
found consideral)le acid-soluble phosphate in blood scrum, which 
he believed to 1 .k^ mainly inorganic. Bloor (16) found that no 
water-sol u I )le pliosiihorus was extracted from blood by alcohol- 
ether although inorganic phosphates are measurably soluble in 
that solvent. The results reported above appc'ar to furnish 
satisfactory evidence of the presence of inorganic i)hosphates in 
b<ith plasma and corpuscles, since the extract with cold, weakly 
acid ammonium sulfate gives a precipitate with the reagent, 
which only free phosphate is known to do. The only alternative 
is that the extracting solution decomposes some form of phos- 
phoric acid combination liberating phosphoric acid — a supposi- 
tion which seems unlikely because of the mildness of the solution 
and the short time it is in contact with the blood. 

A possible explanation of the varying findings with regard to 
these substances is that there is normally present in blood sufii^ 
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cient calcium and magnesium to combine with all the phosphoric 
acid present and that at the slightly alkaline reaction of the 
blood practically all the inorganic phosphate would be combined 
with these substances in the dibasic form, which is relatively 
insoluble. In this case the treatment with dilute acid would bring 
it into solution. 

The relatively small amount of inorganic phosphate in plasma 
and corpuscles would seem to render its importance as a buffer 
problematical were it not for the fa(‘t that there* is present in the 
corpuscles the relativelj^ great store of organic phosphorus which 
has been found to be chemically unstable — sensitive to acids and 
probably also to enzymes pres(*nt in the cells — and which there- 
fore may ])e available in case of need. Further investigation of 
some of the phases of this problem is being carri(?d on. 

SUMMAKY. 

On th(^ basis of the results n*, ported above phosphoric acid 
compounds found in human blood may be divid(*d into tw'o classes: 
(1) the acid-soluble — soluble in dilute acids and precipitated 
with the proteins by alcohol -ether, — and (2) the lipoid-phosphoric 
acid compounds — soluble in alcohol-<'ther and |)recipitated with 
the proteins by dilute acids. The two grouf>s arc apparently 
sharply defined and since, in general, their sum is equal to the 
total phosphates, the presence of other forms of phosphoric acid 
combination in blood in significant amounts is doubtful. 

In the second of these groups are contained substances of the 
type of lecithin, in the first group, inorganic phosphates and an 
unknown compound (or compounds) which is decomposed by 
heating with acids yielding phosphoric acid. 

The amount of the unknown fonn of phosphoric acid combi- 
nation in plasma is relatively small — up to 10 per cent of the 
total phosphates — while in the corpuscles it composes 00 to 80 
per cent of the total phosphate. The significance of this com- 
pound is discussed. 

The corpuscles are relatively richer in all types of compound 
than the plasma and there is also considerably less variation in 
their composition in different individuals than is the case with the 
phisma. 



W. R. Bloor 


57 


BIBLIOGRAPHY. 

1. Bloor, W. K., J. BioL Chem., 1916, xxiv, 447, 

2. Bloor, J. Biol, Chem., 1916, xxvi, 417. 

3. Bloor, W. R., and MacPherson, 1). J., J, Biol. Chem., 1917, xxxi, 79. 

4. Lawrence, J. V., and Riddle, ()., Am. J. Physiol., 1916, xli, 430. 

5. Meigs, E. B., and Bhitherwick, N. R., J. Biol. Chem,, 1918, xxxiii, 

p. iv. 

6. Bloor, J . Biol. Chem., 1918, xxxiii, p. x. 

7. Forbes, K. B., and Keith, M. H., Ohio Agric. Exp. Station, Technical 

Bull. 5, 1914. 

8. Bloor, /. Biol, Chem., 1916, xxv, 577. 

9. Greenwald, I., J. Biol. Chem., 1915, xxi, 29. 

10. Marriott, \V. McK., and iiowland. J., Arch. hd. Med., 1916, xviii, 708. 

11. Marriott. W. McK,. and ilaoH.sier, F. IT., J . Biol, (diem., 1917, xxxii, 241. 

12. Feigl, J., Chon. Ah.^t., 1917, xi, 3316; 1918, xii, 809. 

13. Fasqualis, (1., A^m, ehim. Farmaeol., 1894, xx, 145. 

14. Taylor, A. E., and Miller, C. W., ./. BioL Chem., 1914, xviii, 215. 

15. (iurbor, A., Verhandl. phys.-med. (ies. Wurzburg, 1894, xxviii, 129. 

10. Bloor, J. Biol. Chem,, 1915, x.xii, 133. 




CHOLESTEROL IN MILK. 

By W. denis and A. S. MINOT. 

(From the Chemival Lahoralory of the Mas.^avhusetts General Iloapital, 

Bouton . ) 

(Bccoived for puhlicalion, August 7, 191S.) 

Tlie advotit of rapid and relatively aecurate micro methodvS 
for the determination of choh'sterol lias furnislnHl the stimulus 
for numeious inv(^stigations on the cholesterol content of human 
))loo(l in health and in disease, and of the blood of animals under 
various experimental conditions.’ As y(‘t these investigations 
have, how(‘ver, been extemled in a few ease's only to the study of 
body fluids other than lilood. This is particularly true in the 
case of milk, as in a r(‘C(*nt search through the literature we were 
able to find only a few isolated <let('rminations of cholesterol in 
this fluid. 

In view of this scarcity of publislual ilata we have felt it worth 
while to plac(' on record tlu^ results of a series of determinations 
of cholesterol in milk which have been made in connection with a 
study of the non-protein constituents of this liquid now in progress 
in this laboratory. 

The samples of cow ’s milk were personally collected by one of us 
at the Hospital daiiy, and were examined within 2 hours after 
collection. For the samples of human milk W'o are indebted to 
Dr. Fritz Talbot. These specimens were all secured from normal 
women, and were, like the specimens of cow’s milk, examined 
when fresh. 

♦ The determinations of cholesterol wTre made by Bloor’s colori- 
metric method. For the determination of fat w’^c have used the 
.Babcock method for all the specimens of cow’s milk, while with 
the specimens of human milk Bloor’s nephelometric method' was 
emplhyed. 

’ Bloor, W. R., J. Biol. Chem.y 1916, xxv, 577. 

* Bloor, J. Am. Chem. Soc.j 1914, xxxvi, 1300. 

59 



60 


Cholesterol in Milk 


The results presented in Table I would seem to show a direct 
and proportional variation of the cholesterol with the total fat 
content of cow’s milk. In the case of the results on human milk 
given in Table II, this proportionality is to be noted, but many 
exceptions occur. 

The effect of the cholesterol content of the food on blood choles- 
terol has been repeatedly demonstrated. That the ingestion 
of chohistcrol increases the content of this substance in the milk 
seems probable, although experimental proof of this point is lacking. 

TABLK 1. 


CholesUvrol in C(>iv\s Milk. 


Cow No. 

Choltjstorol. 

Fat. 


mg. per 100 cc. 

per cent 

22 

17.(5 

5.0 

10 

17.0 

4.(5 

' 4 

1(5.4 

4.4 

50 

1(5.0 

4.2 

7 

15.8 

4.7 

32 

15.(5 

3.4 

45 

15.2 

5.3 

33 

15.2 

3.4 

42 

14.4 

4.0 

44 

11.0 

3.9 

55 

13.0 

3.3 

49 

12.8 

4.5 

2 

12.0 

3.7 


11.2 

3.1 


10.5 

3.2 


We would suggest, thiToforo, tliat the excu'odingly n^gular results 
obtained by us on cow’s milk in clistinction to the variations occur- 
ring in our series of human milks, arc perhaps due to the fact that 
these samples of cow’s milk were obtained from a single dairy, and 
from animals fed on exactly the same ration. Our samples of* 
human milk were on the other hand taken from women living 
under a great variety of conditions, and with a corresponding lack 
of uniformity in food intake. 

The distinctly higher level of our series of human milks may 
perhaps also be attributed to the higher cholesterol content of the 
food of nursing mothers as compared to that of cows. 



TABLE II. 

Cholesterol in Human Milk. 


Mother No. 

Choleatorol. 

Fat. 

Age of child. 


mg. per 100 cc. 

' per cent 

days 

96 

38.0 

5.4 

330 

S7 

31.2 

1 6.8 

— 

120 

28.9 

8.0 

330 

113 

28.0 

7.2 

30 

121 

28.0 

8.0 

330 

123 

26.5 

3.8 

90 

63 

26.4 

5.2 


SO 

26.2 

1 6.6 

(K) 

139 

24 . 4 

5 . 5 

[ 60 

92 

24.4 

8.0 

1 42 

82 

23. 5 

7.1 

! 35 

93 

23.5 

.5.1 

03 

95 

23.5 

2.5 

330 

37 

23.0 

— 

21 

133 

23.0 

5.5 

275 

81 

22.4 

5.6 

30 

23 

22. 2 

6.8 

14 

117 

21.2 

2.7 

150 

110 

20.0 

— 

240 

161 

20 0 

4 0 

14 

97 

19.3 

2.7 

330 

158 

IS. 8 

2.0 

m) 

22 

17.8 

5.2 

14 

157 

17.6 

3.6 

28 

112 

17, r» 

4 2 

30 

9S 

17 6 

5 1 

330 


16 8 

1 .8 

21 

91 

16.1 ! 

4.5 

28 

138 

16 1 

2.9 

(iO 

SO i 

16 0 

1,2 

1 20 

79 

16.0 

2 I 

120 

88 . 1 

16.0 

3.2 

49 

163 

14 8 

2.4 

24 

120 

14.8 

1.4 

29 

155 

14.4 j 

2.0 

25 

f 156 

13.9 1 

2.6 

28 

116 

13.6 1 

2.2 

210 

154 

13.6 

1.0 

25 

70 ; 

12.9 

1.5 

5 

120 

12.8 

1.5 

330 

124 1 

12.4 

0.8 

56 

127 i 

11.0 

0.7 

35 

137 1 

10.0 ! 

1.2 

— 

85 i 

9.6 

2.3 

— 
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VITAMINE STUDIES, I. 


OBSERVATIONS ON THE CATALASE ACTIVITY OF TISSUES IN 
AVIAN POLYNEURITIS.* 

By H. ADAMS DUTCIIKU. 

With the Tecu.vical Askistanci: or Feudixam) A. (\)Llatz. 

{From the Laboratory of A'grimit oral Biorhcmisini, Minna^otn Agricultural 
Experiment Station, St. PauL) 

(Ilcceivetl for publication, Jul^v 1?0. 191S. ) 

Since Loovv’s ol>sorvat ion il) lliat the fh'coniposition of hydrogen pc'r- 
o?ti(l(‘ by ])lant atid animal tisKues is dm* to a sj)e(‘ia! enzymi'. to which he 
gave the name “catalase,’' much has been written conceriflng tin" functions 
of this enzyme. Of the later investigators, Hattelli and Stern (li) are 
among the hrst to make quantitative measurements of the catalytic activ- 
ity of various animal tissues by means of hydrogen peroxide. Tliese 
authors found that the liver contained the largest amount of catalase while 
the brain contained tlie least. Further, the.se investigators found that a 
warm-blooded animal, such a.s the guiiu'a pig. possessed tis.sues which 
W'ere moT*e highly catalytic to hydrogi.m peroxide than those of tlu' frog. 

.Vt about the same time Julies (3) also t»b.served that the tissues of warm- 
bl()od<Hl animals were high(‘r in catalase content than those of the cold- 
bloode<l animals, represented in their work by the fi.si}. These observers 
also studied the ciitalasi? activity of blood under normal and ]>athological 
conditions. It was found th.at tl?e catalytic activity of blood w.as almost 
30 per cent below norrrial in tuberculous pati<‘nts. Similarly, the catalase 
value fell to a low level in nofdiritis. while in carciiiomattuis c(»nditions the 
activity \vaR ju'actically lost. 

As early as 1001, (3>tton (4) showed that it was posvsible to ditTerentiati' 
I>etween blood from different sources by measuring tlje (plant it y of oxygen 
liberalod jie.r unit of tiim? by a definite amount (d didibrinated blood. 
In support of this he showed t hat the l>lood of man h.ad a valu(‘ of oOtl to 000 
cc., the horse and jug 3(X) to 350 cc.. ox 105 to 170 cc.. guinea pig 115 to 125 
cc., and slnwp 60 to 65 cc. Kastle and Loevenhart i5) have expr(‘ss(‘d the 
opinion that catalase plays a physiological r6h‘ in cell oxid.-ition, although 
they believe (6) that the powcw of calalaso to d(‘com])OKe hydrogen iieroxide 


* Published with the approval of the* Director, a.s Pa))or 12h. Journal 
Series of Minnesota Agricultural Experiment Station. 
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64 Catalases in Polyneuritis 

is not necessarily a physiological function. Battelli and Stern (7) and 
, Buxton and ShaflFer (8) have found that the catalytic activity of embryonic 
tissue is lower than that of adult tissue. Similar work by Mendel and Leav- 
enworth (9) revealed similar results, and they also recorded the fact that 
the liver and kidney tissues were highest in catalase activity. Ostwald 
(10) showed that the sperm contains more catalase than does the ovarian 
sub.stanee, and Licbermann (11) found relatively large* quantities in blood- 
free adipose tissue. 

In his studies on fasting animals. Hawk (12) lias o)>served that fasting 
tends to lower the catalyl-ic ])ower of tissues, and found that the animal was 
able to establish a sort of immunity or resistance, having on tlic second 
fast, tissues which were higher in catalase than those of animals fasting for 
the first time. He found also that normal liver is the most active ti.ssue 
and that kidney, spleen, lung, heart, mu.sch*. brain, and [lancreas, when 
arranged according to their catalase content, came in the order named. 
Opie and Barker (13) confirmed the work of Jolles (3) in regard to the low- 
ered catalytic activity of tuberculous tissue while Winternitz and Meloy 
(14) could limi no striking dItTerenees between normal tissues and those of a 
pneumonia patient. In the study of syphilitic tissue they found the 
catalase) content very low. In diabetes mellitus those authors found no 
difTercnce in kidney or liver catalase but found the lung and sjjlecn to be 
lowered 30 and 15 per cent respectively. 

It is reasonable to suppose that oxidative activity falls in (M*rtain diseased 
tissues for Kastle and Arqoss (15) have shown that the peroxidase activity 
of blood of diseased patients ranges from 00 to 25 per cent of normal. In 
the last few years Burge and his coworkers have published a number of 
papens attempting to show that a definite relationshij) e.vists between 
the catalase content of tissue and the oxidative processes in metabolism. 
He has also shown that catalases may have a destructive action against 
autolytic enzymes (10), He contends that in di.sease t he oxidative proc- 
esses become hampered and fail to balanee the autolytic change.s. In 
support of this idea Jacoby (17), Uicss (18), Welseh (19), and Burge (20) 
observed slowing u]) of oxidative changes and a hastening of autolytic 
processes in phosphorus ])oisoning. Schlesinger (21 ) also points out that 
tissues show a decided tendency tow'ard autodigestion in diseases of the 
circulatory and respiratory systems. Burge has also shown that catalase 
is higher in active iis.sue than in tissue which has not been act ive (22), and 
that the breast muscle of t he wild pigeon has a great.er cat alytic effect on 
hydrogen peroxide than .similar ti.ssue taken from the bantam chicken 
(23). These authors (24) also support the findings of Hawk (12) that inani- 
tion is accompanied by low catalytic activity. Kennedy and Burge (25) 
have found that paiiercatectomy prevents catalase formation and conclude 
from this work that catalase is related to oxidative activity and that the 
extirpation of the pancreas prevents a hormone passing to the liver. Burge 
believes the liver to be the souree of catalase and has shown that the 
catalytic activity of the blood falls during ether anesthesia but by electro- 
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lytic stiniulatioiiof iho “ Uv(*r diKiribuUon’’ of the splanchnic nerves he was 
able to sliow increased catalytic activity of hojiatic blood (20), Accordinji: 
lo Hurj 2 :e (27), then', is a relationship be<w<!en catalase activity, acidosis, 
and normal oxidative processes (2Sj. In 1910 bariioino (20) published 
results of ex{»erinients showing that the r<‘spiratory quotient falls in avian 
polyneiirilis. but wlj(*n (‘xtracts of ric<^ bran ar(‘ athhaJ and the i)igc<ms 
have started to iccover, (fu^ respiratory quotient increas(^s to normal. 

Similarly, Funk and von Schonborn (3()J .areof theof>inion that vitamines 
have a distinct (ibaU on carbohydrate nietabt>lisin. It is c«)mmon knowl- 
('dge (iiat all pigeons do not react th<^ same to duUs comj)Osed solely of 
pr>Ushe(l rice and tin* hypothesis has be(Ui advanced l)y Vcd(h‘r and (iark 
(31) that fowls with iiigh metabolic activity rctpiire larger amounts of 
vit.amincs and suiaamib most promptly to diets of jxiislied rice. Oilier 
wril(‘rs v32. 33l have obs(>rve<{ tliat theie is a deciderl tcuidency to hasten 
tlu^ onset, of iiolyiu'uritis in pig<‘ons by increasing the fuel value' of the* 
dietary !>> aelditions of vit amine-free malc'rials, such as glucose' or starch. 


(NTIt(H)r< TIOX. 

lit viow e)f tl)(‘ fact tipit the- above evdelenct' seems to irulieatt' 
that the (‘iizyine', catalast', is eorrelatetl with physiological proca'sses 
<»f an oxidative' nature and al^et that tlte jdiysiologieal r 61 (' (d th(‘ 
vittimiiK*. Nvhieh exhibits a curative action in polyntairitis, is 
probably re'lat(‘(l to th(‘ oxidative proress<‘s, it was thought that a 
study <d the catalas<‘ cont<*nt ed' tissues of polyneuritic pigeons 
might l)«‘ of interest , 


KxiHi'i wenUil Feeding. 

Six pigeons went' placc'd on a diet of polished rice and six e)n an 
ordinary diet of corn, wheal, and oats. Hand was fed (‘very ollna* 
day to both s(‘ts of birtls. The pigeons were weighed (‘vt ry d 
days, on the avtuage, and later in the experiment, a numb(‘r of 
temperature n^cords \^ere obtained by placing a thermometer in 
the pigeon’s crop. The water-soluble vitamiiad was obtained 
t)y extraeding wheat embiyx) with dilute alcohol and evaiiorating 
this extract upon dextrin. It has l>een proved by IVlc( folium 
and Kennedy (34) and substantiated by Drummond (35) that- 
the curative properties of various (cereals, loaves, wheat embryo, 
corn germ, potato juice, etc., are due, in all probability, to an 

’ 1 wish to thank Miss Cornelia Kennedy for the preparation of tlu' 
vit, amino extract, 

Tlilll JOUnNAT. cal' BIOLnoiAt. ClIKVJrtTHi. VOB. XXXVl, NO. 1 
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Hiitiiiciiritic subst.aiico, soluble in water and alcohol, which ha?? 
been giv(‘n the name water-soluble B. 

As soon as the birds were killed, samples of blood were taken by 
absorbing api)roxiinately 1 gm. of blood in small strips of oxalated 
j)Oi’ous paper which had been weighed previously in ground glass 
weighing bottles. The bottles were closed as soon as the samples 
were taken and weighed immediately. The organs were isolated 
at once, washed free from blood with a 0.9 [)er cent solution of 
sixlium eldoride, and minced very fine, and approximately 1 gm. 
samples were placed in ground glass weighing bottles. With a 
fe\^' exceptions all minced tissue samples were run in duplicate 
Avhile the blood samples were determined in triplicate. 

Dcterynhiaium of Catalase. 

The (*atalas(‘ cont(*nt of tissues was determined by ni(‘asuring 
the quantity of oyg<Mi liberated from “Oakland Dioxygen,’' 3 per 
cent H 2 O 2 , in n* 15 ininut(‘ period by 1 gm. sanqiles of tissue or 
blood. All det(M*rninations w'ere made at 20°C\ by susj)ei)ding 
the hydrogen peroxide* bottle in a constant t(*inp('rature bath. 
In ord(u‘ that the samples might be agitated in a uniform manner 
th<‘ l)ottle was attacta^d to a Van Hlyke (30) pulley and motor 
whi elf allowed a uniform agitation of 132 double shakes per minuti? 
of the hydrogen peroxide bottle as it hung suspendiHl in the* water. 
The gas wiis allowed to replace water in inverted gimhiated cyl- 
inders, and correid.ions wen^ made for temiXTatun*, and atmos- 
phcM'ic and vapor fnessnres. All gas volumes were calculated to 
standard conditions; /.c., 0°(\ and 700 mm. pressure. 

UISCUkSSION. 

The results of the measurements are summarized in Table I. 

Three normal birds (Nos. 1, 2, and 12) wer(^ used in the pre- 
liminary work to obtain sufficient knowledge of the laboratory 
t(x*hnique. These data, although agreeing with those of Pigeons 
3, 11, and 7, are not included in the table as a few^ determinations 
were lost in perfecting the methods. Four pigeons (Nos. 0, 9, 4, 
and 10) became polyneuritic, while Pigeon 5 did not succumb to 
the disease and was killed at the end of a 47th day period of rice 
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f(M*(iing. Pigeon 4 becaiiKi polyneuritic on the 24th day after 
being placH^d on a diet of polished ric(‘, Pigeon (> on the 29th day, 
Pigeon 9 on the 43rd day, and l^igeon 10 on the 23rd day. Pig(H)n 
0 was so active on the ITth day of rice feeding that it was (houglit 
to be of interest to make catalas(^ measurements on its tissues. 
Pigeon 8 subsisted, for 55 days, on a di(‘t composed solely of lice. 
On the 54th day this pigeon was active Init was found dead the 
following day, due in all probability,, to fasting. Tht‘ catalast* 
content of the tissues was found to be practically normal with the 
<'xception of th(' IjIooiI. llie fall in catalase and th(‘ s\ibsequent 


TABLK I. 


(fjTffgen Liherat(‘d fram HifdnKji 

/N 

rifxidr 

hf/ 1 

(hn. 

(if Tisfii/r- ifi Id 



.M ffi lid's 

(It 




'rih-'iu*. 

Xnriital 

pIKl'CtUS. j 

f’olyiH'urit 

plltfOUS. 

! 

I’oh'ixMjrilir picrons' pijrof)!) 
nfrcr rrrriviut:: | wiiich 

wuti^r soluhlf M. . w;i» 


\o. :b.\o, 11 

N,., 7 i 

■ .■««• ■ 

No. 6 

No. ! 

\vrr- ! 
:iKC^ 

No. 4 

- ■ j to ix)ly- 

No 10 ' ■' f 

; !l^i\ J No. .) 


cc. : (T. 

•:c. ■ rr. j 

I'C. 

rr. ^ 

fr. 1 

fV 

1 ! 

rr, rr. | cc. 

bi vrr.. 

•J.T.aS! 2.S3', 

2.170 2,. Wi 

.27)0; 1 .20r>i 

l.227i 

2.090 

.2.S70|2,780i 2.004 

, . j 

‘)So| 1.497 

8 K»; 1,0)9! 

7)23 

7>00i 

7)14! 1,193 

1,072 1.132' 910 

]\‘njrrc.'is, ] 


419; 42b 

282 

279; 

289i 

7)79 

391; 480; 203 

Hcari . . .1 
JU’cast 1 

Hidi 20(> 

1 219! 197! 

' i 

<>r» 

143> 

1 

104 

107) 

1S2 171 : 17)1 

muscle .1 

9b IB) 

135i 114! 

102 

97i 

99; 

177 

171! 174i 120 

bung j 

88| 183 

103 12o| 

5J 

541 

53! 

7>7 

1031 lOo: lOS 

Blood 1 

24* ()4 

1 1 

boSt.l 44: 

t ; ! 

B> 


11 

19 

i 29; 24 2 


rise are expr(‘ssed in 4'able II in percent of normal. Ohart 1 
shows that Pig(‘on 5 had lost, nearly 30 per cent of its original 
body weight and yet its tissues were not appreciatdy below 
normal in catalytic activity. The point, at which each bir<I was 
killed is marked by an X. 

( 4iart 2 gives the comparative supplies of this oxidizing enzyme 
in the various tissues, as measured by the amount of oxygon lib- 
erated. From these data it would seem that the catalytic^ activity 
of tissues of pigeons, subsisting on a diet sok'ly of rice, falls until 
it reaches its lowest- level at the acute stage of pol^meuritis. It 
would also appear that t he administration of water-solubk* vitainine 
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Chart 1. Curves^showitip: weights of pigeons. I’igfoii 11 is not included in this chart as it was killed early in 

the cxperinieni. 
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stimulates directly or indirectly oxidative fnocesses, if oxidative 
processes can he measured in terms of catalase. 
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pigeons. 

SL**Po^rnc.uritic pigeons, 
^-■potyiievrltlc pigeons after 
feeding Mtaramc* extract 
prepem from wne«t embiya 


ii 




1 gii" 


Uver Kidn^ Itocrees Heart Sreest Long &lood 

mosoie 

OuAtiT 2. Comparative catalytic activity of various tissues. 


This supports the work of Ranioino ( 29 ) who showed that the 
carbon dioxide output diminishes with the onset of the disease. 
It is of interest to point out that the order in which the tissues 
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group themselves as to catalase content is practically the same 
as the order in which these tissues fall when group<^d according to 
their vitarnine content. . Coof)er (37) lijis shown that dried tissues, 
when arranged in the order of their effectiveness in curing poly- 
neuritis, fall in the order liver, brain, heart, and voluntary muscle. 
Similar conclusions have l)een published recently by Osborne and 
Mendel (38) , 

Pigeon 10 became polyneuritic on the 23rd day and was given 
water-soluble vitarnine iniinediatcly. In 35 minutes the bird was 
attempting to walk and in 3 hours had practically reeovered. 
At this point the bird was killed. 

Temperatures of Pigeons. 

Unfortunately no systematic records were taken of temperature's 
until the latter part of tht^ experiments. Hc^eent work on four- 
teen normal pigeons reveals an average temperature (by crop) 
of 41.r)°U. In no case, where pigeons have received polished ri(*e 
for 8 or 10 days, have we found Uimperaturcs ('xceeding 39®U. 
Pigeon 0 show(Hl a temperature of 36®C\ at the time of killing (in 
the early stages of poljmcuritis). Pig(^on 5, which subsisted for 
47 days on polished ri(fe without pronounced symptoms of poly- 
neuritis, showed a temperature of 37®C^ when killed. Pigeon 0, 
on the other hand, was dying wheti found a-nd gave a temperature 
reading of 28°C,, or 13,5°C. below normal, which is equivalent to 
24.3®F. below the normal tempc'rature. Of (course it must be recog- 
raized that this bird had lost over 48 per cent of its body weight, 
^nd these unusual conditions cannot be attributed alone to the 
lack of water-soluble vitarnine. Although catalase activity has 
been shown to diminish in tissues of fasting animals (12), it is 
interesting to note that the tissues of Pigeon 5, which did not 
become polyneuritic, had about nonnal catalase content, although, 
the bird had lost nearly onc-third of its weight. Similar conditions 
exist in the cfise of polyneuritic pigeons which showed high catalase 
activity after administration of the vitarnine extract although 
they had lost a relatively large proportion of their original body 
weight. 

It should also be recorded at this point that on June 12, 1918, 
Pigeon 9, while on a rice diet, had a temperature of 37.1^0. 
While the cage was being cleaned, a cockroach was seen to enter 
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the cage and before it could >>e removed was eaten by the pigeon. 
The next morning the temixirature had risen to 39.8®C. and the 
V^ird was very active. The effects of the insect were noticeable 
for 14 days at which time the pigeon again began to show the 
effect of rice feeding, 

SUMM.\RY. 

Data aie presented which show that the catalase content of 
tissues was lowered to the extent of 44.4 per cent (see Table II) 
in avian polyneuritis. Polyneuritic pigeons which had been 
given a watcr-alcohol extract of wheat embryo, containing water- 
soluble B, possessiid tissues which wen^ approximately normal 

TABLE II. 


Catnlam AHivity of 1’Uftu^s. 



l*o!vneuritic 


Polyntnirjtio 

pigeons receiving 

Tisftut!, 

pigeons. 

water-soluble 


IVr Ptnit of normal. 

vifumine. 



Coi ernt of normal. 

Liver 

. M 

no 

Kidiiev 

58 

102 

Pancreas ; 

83 

n.”> 

Heart ! 

34 

8iV 

roast i 

18 

1 152 

Lung ! 

57 

! 84 

Blood 

75 

5(} 

Average i 

44 

101 


(101.2 per cent) in catalase content. One pigc'on in the early , 
stages of polyneuritis showed improvenumt and increase in body 
temperature after eating a cockroaeb which accidentally obtained 
access to the cage, which would indicate the presence of vitamine 
in the body of insects. Body temperatures whi(*h are about 41.5" 
C. in normal pigeons were found to be lowered appreciably in 
avian polyneuritis. It is probable that polyneuritis is accom- 
panied by incomplete or partial oxidation, with the accumula- 
tion in the tissues of products of incomplete oxidation. It is 
also probable that water-soluble vitamines function, directly or 
indirectly, in the stimulation of oxidative processes, thereby 
clearing the tissues toxic materials. When pigeon tissues are 
arranged in the order of their catalase content (as measured by 
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the oxygen liberated from hydrogen peroxide), the tissues grpup 
themselves in the order of their metabolic activity and also 
in the order of their content of water-soluble vitamine. 
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EPIMERIC HEXOSAMINIC ACIDS. 
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*■ 
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The synthesis of a-hexosaminic acids had for its principal aim 
the allocation of the NH 2 group in the natural and synthetic; 
aminohexoses. 

Imne and Hynd^ have shown that depending on conditions 
glucosamine may be converted either into glucose or into man- 
nose, Levene and LaForge have shown that choosing the proper 
conditions one may obtain from glucosamine cither anhydroglu- 
conic or anhydromannonic, either anhydrosaccharic or anhydro- 
mannosaccharic acids. Hence there was no foundation for the 
presence for either one of the two alternative configurations for 
glucosamine. 

Since at present for the purpose of proving the configuration 
of the amino sugars there exists no direct chemical means such as 
Fischer and his co workers employed for developing the structure 
of nitrogen-free sugars, one has to resort to methods of analogy. 

1 1 was hoped that a comparison of the properties of pairs of 
epimeric hexonic acids with corresponding pairs of hexosaminic 
acidfi might offer some suggestions for the allocation of the amino 
group The properties which are compared in the present dis- 
cussion are: first, the equilibrium of the two epimers formed 
on the synthesis of the hexonic acids from the corresponding pen- 
toses; second, the direction of the rotation of the a-carbon atom 
in corresponding pairs of epimers. An attempt to compare the.se 
properties had already been made by the present writer at a time 
when pairs of epimeric hexosaminic acids had not yet been 
known. 

* Irvine, J. C., and Hynd, A., /. Chm. Soc.^ 1912, ci, 1128; 1914, cv, 698. 
Levene, P. A., and La Forge, F. B„ /. Biol, Chetn,^ 1915, xxi, 351. 
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74 Epimeric Hexosaminic Acids 

In the present communication the properties of three pairs of 
epimeric a-hexosaminic acid are compared. Designated by the 
parent pentose the substances arc : two arabinohexosaminic acids, 
two lyxohexosairiinic acids, and two xylohexosaminic acids. Of 
the first pair one can be prepared from glucosamine, occurring in 
nature, or synthetically from arabinose. The substance em- 
ployed in the present, investigation was prepared by oxidation 
of glueosamine. The epimeric acid as pi epared by the action of 
pyridine on glucosmninic acid. 

Of the se(!ond pair also, one may be obtained from the naturally 
• occurring sugar chondrosamine as well as by syntht^sis from 
lyxose. In the present work the substance was obtained by both 
methods. The acid epimeric to chondrovsaminic wiis prepared 
synthetically. The third pair was prepared synthetically from 
xylose. 

Both the pyridine and the synthetic method always furnished a 
mixture of t he two epimeric substances and in every substamie the 
separation was accomplished by means of fractional crystalliza- 
tion either out of water or out of dilute ethyl or methyl alcohol. 

It was fortunate that one member was obtainable in a condi- 
tion of undisputed purity in every one of the three pairs. The 
purity of glucnsamiriic and chitosaminic acids is to be accepted 
by reason of theij’ preparation from naturally occurring sugai*s. 
One, the dextroxylohexosaminic acid, forms a crystalline lactone 
and this was converted into a piue acid. Also, fortunately it was 
possible to obtain epiglucosarninic acid in a state of unquestion- 
able purity. Under certain conditions out of a mixture of the two 
only one namely the epiglucosarninic acid, formed a crystalline 
lactone. 

Data obtained on this pair of epimers wiis of great assistance 
in the separation of the individual members of the other two 
phirs; namely, on this pair the numerical value of the optical ro- 
tation of the a-carbon atoms was established. These values were 
then employed as a standard of purity in the separation of the 
individual members of the other two pairs. Indeed, when this 
value was obtained further recrystallization remained without 
influence on the rotation of the amino-acid. 

Later in the work the levoxylohexosaminic acid was obtained 
from a crystalline derivative of the acid; namely, from the benzal 
xylohexosaminic lactone hydrochloride. 
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This substance yielded an acid possessing the same optical rota- 
tion as the parent substance. Thus by fract ional crystallization 
alone the complete separation of the e])imers was accromplished. 

The identity of the individual amino-acids was further demon- 
strated by results of deaminization expeiimonts These lesults 
will be eommiinicatod in a sei>arate publication. 

Turning then to th(^ principal point of the investigation, 
namely to the comparison of tlu? properties of epimeric amino- 
aeids amongst themselves and with the corresponding members 
of non-nitrogenous sugar acids, we find that in each pair of hexosa- 
minic as on each pair of hexonic acid the rotation of the a-earbon 
atom of one member is to the right and tlu' other'to the left. 

Incidentally it i.s to 1)0 noted that the numerical value of the 
rotation of the a-carbon in all six hexosaminic acids is practically 
constant,. Ifi tiie scuh's of hexonic acids those rotating to the 
right are gluconic, galactonic, gulonic. 

Turning their at tention towards the ecpiililirium of the products 
of condensation of pmUoses with prussic; acid/-^ Fischc’r and his co- 
workers found that arabinosc^ yields in preponderance maiinonic 
acid, which is levorotary; lyxose and xylose yield galactonic and 
gulonic .acid , respectively, which are dextrorotary. 

In the action of prussic acid on amino-i)entosides, arabinose 
yields princdpally the levorotary acid, lyxosaminc; and xylosa- 
rnine both yield in pre[)onderancc^ a dextrorotary acid. Thus 
there seems to exist a coinplete analogy in the predominating 
products formed from tlie jxmtoses of those fi*om the amino- 
pentosides, from the view point of the properties of their a-carbon 
atoms. May not, therefore, there exist also a similarity in their 
configuration? For the present this is only a suggestion. If this 
view should find further corroboration then the configuration of 
the six known hexosaminic acids will he expressed as follows: 

* Fischer, E., Ber, ckem, Ges.^ 1890, xxiii, 2611, 2625. Fischer, E.. and 
Bromberg, O., ihuL, 1896, xxix, 581. 
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In a previous publication^ identical conclusions were reached in 
regard to chitosaminic and chondrosarninic acids, whereas in re- 
gard to the derivatives of xylose the conclusion was contradictory 
and was evidently erroneous. The fact that in the earlier ex- 
periment after the action of pyridine an acid was obtained with a 
higher dextrorotation than the original is explained simply by the 
fact that in the presence of impurities only the more insoluble 
substances crystallized, while the more soluble remained in the 
mother liquor. 

It would seem more rational to abandon the tenn glucosamine 
and glucosaminic acid and to return to the older terms chitosamine 
and chitosaminic acid. 

The respective optical rotations and the numerical values of 
the rotations of the a-carbon atoms are as follows: 

^ Iieveiie, P. A., J. Biol. Chem.f 1915, xxUi, 145. Ijevene, F. A., and 
Meyer, G, i6td., 1916, xxvi, 355; 1917, xxxi, 627. 
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This tal>lo contains the host evidence as yet a(lvane(‘(] in sup- 
|)()rt of VaJi’t ffoff’s' optical superposition theory. In the sc'ries 
of a-hexosaininic acids the law holds t rue not only in rej^ard to the 
diretd-ion of the rotation but also in regard to its nuinerical value. 
The reason for the rnoie perfect agrecanent between tlie numerical 
values in this s<‘ries of substances juay be attrilnited to the fact 
that tlu' phenomena of electrolytic disso(*iation here play a com- 
paratively sul>ordinate part, and that individual ainirio sugar 
acids are accessible iji purer state, since the separation of th(‘ir 
epiriKMvs is moi'e pcn fect than tho.se of the ordinary sugar acids. 

EXPERIMENTAL. 

EpicMtomtninic Lactone Hydrochloride. 

100 grn. of chitosaminie acid are taken up in 1,000 (;c. of 
water to w’hich 100 gm. of pyridine are added and heated in an 
autoclave at 105®C^ for 4 hours. The s^lul ion is then evaporated 
under diminished pressure to a small volutin', so that the greater 
part of chitosaminie aia'd crystallizes in the distillation flask. 
The residue is again brought into solution witli a minimum amount 
of boiling water. To the solution while still hot an equal volume 
of 95 per cent alcohol is. added. The solution then becomes filled 
with crystals of chitosaminie acid. To complete the crystalliza-, 
tion the material is allowed to stand from 8 to 12 hours. 




78 


Epimeric Hexosaminic Acids 


The filtrate is then concentrated under diminished pressure (the 
temperature of the water bath should not exceed 50®C.) to a small 
volume. To this, hot 95 per cent alcohol is added until the solu- 
tion begins to show opalescence, and enough hot water is then 
added to clarify the solution. On standing, more readily after 
some scratching, a crystalline substance begins to deposit. The 
deposit reaches its maximum in about 24 hours. This substance 
is dissolved in a minimum amount of hot water, boiled with char- 
coal, and the filtrate treated with 95 per cent alcohol in the man- 
ner just described. The ci*y.stallinc substance obtained is at 
times nearly colorless, and at times of very light tan. It consists 
of a mixture of varying proportions of chitosaminic and epichito- 
saminic acids. On one occasion it consisted of pure chitosaminJl^ 
acid. The optical rotation of the substance varied from |a|n == 
+ 3.0° to -f 8.0°, and on one occasion it had 4-10.0°. 

For further purification the epichitosaminic acid was con- 
verted into its lactone. This was accomplished in the following 
way : to 3 gm. of the acid 2 cc. of 99.5 per cent alcohol and 1 cc. 
of benzaldehyde were added, and dry hydrochloric acid gas 
passed. The acid at first goes into solution and subsequently a 
crystalline deposit begins to reappear. The treatment with the 
gas is continued approximately 7 minutes. After standing 8 to 
12 hours, 3 cc. of dry ether (dried over sodium) were added, and 
the material was allowed to stand an additional 12 or 24 hours 
in order to obtain the maximum yield of the lactone hydrochloride. 
The addition of benzaldehyde has for its purpose the conve^rsion 
of the chitosaminic acid into the benzal of its ethyl ester. Under 
these conditions it remains in solution and p(Tmits the crystalli- 
zation of the epichitosaminic acid lactone. In the absence of 
benzaldehyde an amorphous precipitate is foirned which probably 
consists of a mixture of the two lactones. 

The lactone is crystallized out of methyl alcohol. For this 
purpose it is advisable to dissolve the crude substance in a large 
excess of hot methyl alcohol, decolorize the solution with char- 
coal, and then concentrate it to a small volume. The lactone 
crystallizes in form of colorless prismatic needles. The substance 
had a malting pomt ~ 203°C. (with gas evolution). Its compo- 
sition was as follows: 
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0.104() gm. substance gave 0.1286 gm. CO 2 and 0.1040 gni. H 2 O. 


0,100 required for neutralization 4.65 cc. 0.1 n acid. 

0,100 ‘‘ ** 4.50 cc. 0.1 N AgNOa. 

* Calculated for 

CeHiaNOfiCl: Found: 

O 33.71 33.72 

H 5.67 5.47 

N ♦ 6.55 6.51 

Cl 16.25 15.97 


The optical rotation of the substance wa.s 




+ 0 .9 0 X HK) 
1X2 


-f- 45 . 0 " 


E pi chi tomm inic Add. 


2 grii. of th(‘ lactone were dissolved in 20 cc. of distillfnl water 
aiul tlie solution was I’cndered alkaline by means of a solution of 
barium hydroxide. The solution was allowed to stand over night, 
then the baiiimi was removed quantitatively by means of sulfuric 
acid, the hydrocdiloric acid by silver carbonate, and the excess of 
the latter reagent by hydrogen sulfide. The mother li(|Uor of 
the silver sulfide was concentrat(‘d to a small volume; on addi- 
tion of little alcohol the epichondrosaminic acid crystallizes 
immediately in prismatic needles. The substance had a melting 
I)oint of 198°C. (uncorrected) with gas evolution. 

The composition of the substance was the following. 


0.0992 gni. substMiico gave 0.1 3^36 gni. CO 2 and 0.0606 gni. lIjO. 

Calculated for 
Cdi.aNO®: Found: 


n 36.92 36.80 

H 6.66 (),72 


The optical rotation of the substance was 


Initial. 

+ 0.20 X 100 
io 1X2 


-f 10*^ 


Wo 


Kquilibriuni. 
1 X 2 


The rotation of chitosaminic acid being — 15.02®C., that of the 

, ^ . 10.0 -(-15.02) or. 

a-carbou atom is ^ — ^ = 12.51®C. 
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Synthesis of Amino Sugar Acids.^ 

Ill the earlier work of Levcne and LaForge the conditions 
given by P'ischer and Leiichs for the synthesis* of chitosamine 
weie followed. In the subsequent work, however, it was found 
that the reaction was very capricious and the results fluctuating. 
Thus for a long time the maxim ui# yield of xylohexosaminic acid 
was 10 per cent, and a certain number of experimentwS ended in 
complete failure. However, after some experimentation it was 
discovered that the result of the reaction of prussic acid on amino- 
pentosides was detennined on one hand by the temperature, and 
on the other hand on the duration of the reaction. The optimum 
time and tem})eratiire vary for every individual sugar, and have 
to be determined empirically. 

When the optimum conditions were discovered the jdeld of 
xylohexo.saminic acid rose from 10 per c<mt to 50 per (;ent. True, 
the reaction is so sensitive that often in spite of the best care 
the optimum conditions are missed and th(? yield falls from 50 
to 30 or 25 per cent of the employed amino-pontoside. 

Chondrosaminic and Eplchondro.saminic Adds. 

Tlie conditions of the synthesis of lyxohexosaininic acid are 
the following. 60 gm. of amino-lyxoside dried first under di- 
minished pressure over soda lime and subsequently in a vacuum 
desiccator at 50®C. were taken up in 80 cc. of water. To the 
suspension 36 cc. of an 80 per cent solution of prussic acid in 
wat(3r and 5 cc. of ammonium water were added. The flask, 
pi’ovided with a thennometer, was immersed in a warm water 
bath and the temperature maintained between 37-40®C. As 
soon as the temperature showed a slight tendency to rise the flask 
was immediately transferred to a cold water bath until the tem- 
perature fell to 37°C. The amino-pontoside rapidly dissolved, 
giving rise to a slightly brown solution which gradually turned 
dark and quite viscous. After a certain depth of color and a 
certain viscosity are obtained, which one learns to recognize by 
experience, the reaction is interrupted. Generally it requires 
about 15 minutes to complete the reaction. The flask is then 

* hev(‘ne and La Forge, J, Jiiol. Chem., 1915, xxi, 351; x.xii, 3Jil. 
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immersed into a cooling mixture and the temperature of the solu- 
tion is allowed to fall to 0®C., and is poured into 300 cc. of con- 
centrated hydrochloric acid previously cooled to the same tem- 
perature. The solution is then saturated with hydrochloric acid 
gas and allowed to stand not less than 1 hour; it may be allowed 
to stand over night. The solution is concentrated under dimin- 
ished pressure at a temperature of the water bath not exceeding 
75®C. In course of the concentration considc^rable ammonium 
chloride crystallizes out in the flask. When the solution becomes 
quite viscous the concentration is interrui)ted and the contents 
of the flask are poured into 2 liters of 95 per cc'iit alcohol. Gen- 
erally a small quantity of tar separates out which is removed by 
filtration through cotton wool. The alcoholic filtrate is con- 
centrated under diminished pressure, th(^ residue is dissolved in 
about 1 liter of water, and 200 gm. of moist barium hydroxide 
are added and the mixture is repeatedly evaporatiKl to nearly 
dryness, the water being renewed at this phase. When all am- 
monium is removed the (*vaporation is interrui>ted and the 
barium is removed quantitatively by means of sulfuric a(dd, the 
hydrochloric acid by means of lead and silver carbonate. The 
final solution is concentrated under diminished pressure to a 
volume of about 50 cc. To this solution hot methyl alcohol is 
added gradually in small ])ortions, avoiding an excess which causes 
precipitation of gum. On scratching, the a-aminohoxonic acids 
begin to crystallize immediately and crystallization is (‘ompleted 
in 24 hours, 

The specific rotation of the crude material was “1-3.0. 

Since the specific rotation of chondrosaminic acid is Hn~ —17.0 
it is evident that the material is a mixture of the two epimeis. 

Separation of the Epimers. 

250 gm. of mixed acid having Mn = -f3.0® were dissolv(Kl in 
750 cc. of hot water and allowed to stand over night at room 
temperature. By far the greater part of the material crystal- 
lized out. The rotation of this substance (N o. 379) was [ef] » = 0.00. 
The mother liquor was concentrated under diminished pressure 
to dryness and the residue again crystallized out of a minimum 
amount of water. A crystalline deposit formed on standing over 


Tni: JOtTRNAI. OP BtOLOGIOAli CMSikTlSTST, VOL. XXXVI, KO. 1 
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night (No. 532) with rotation [«]”=+2.5. The mother liquor 
was concentrated to dryness, taken up in a minimum amount of 
water and hot methyl alcohol was added to opalescence. Soon a 
crystalline deposit formed (No. 533) which had the rotation 
[aJ5Jt= 4-8.0. This material was again dissolved in a minimum 
amount of hot water and allowed to stand at room temi>erature 
over night. A crystalline deposit formed (No. 541) with the 
rotation of |^]o= -h7.75. The mother liquor was concentrated 
under <liniinished pressure to dryness. The residue was taken 
qp in a mininiimi amount of water and hot methyl alcohol was 
added until tlie appeaiance of a slight opalescence; the solution 
soon turned into a crystalline mass. The substance had the 
rotation -f 8®C., thus showing that the final treatment did 
not accomplish any further fractionation. 

The progress of fractionatioti is j(q>r(\st‘nte(l in the following 
diagram. 


+3.0 

-f 0.00 (No. 379) + 5.0 (No. 380) 

/\ 

./ \ 

-H 2.5 (No. 532) -f 8.0 (No. 5:^:5) 


+ 7.75 (No. 541) 4- S.O^ (No. 542) 


The .substance with the rotation («]u = 0.0() was continually re- 
crystallized out of water until a fraction was obtained with a 
rotation — 17.5®. 

The' dextro epimer had the* following c.omposilion. 


0.1004 gin. substance gave O.Ki'iS giii. C-Oj and 0.0024 gni, IlsC). 

C^alculuted for 

C«HoNOfl: Found*. 

' C 30.92 30.89 

H.., 0.00 0.90 

The melting point was 206® (uncorrected) with gas evolution. 
The optical j*otation was as follows: 
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r + 0.10 X 100 
[«]o= — T-xV- " 


The rotation of chondrosaiiiinic acid I.)ein| 2 : — 17.0 and that of 
the epiiner -f 8.0®» the nninerical value of the a-carbon atom is 

12 . 5 ^ 

, Xyhhfxoftnmifiic A cid. 

Xylohcxosamiiiic acid, as propareii previously by Levene and 
LaForge, consisted of a mixture of the two (jpimers, in whicli the 
dextro ac'id was in pref)ontieranee. At that lime, this was not 
realized, and the suf)stance was considered the pur(‘ dextro acid. 
Since some fh(‘or(‘ticnl deductions were based on th(* earlier con- 
ce|)tion, it becaim* n(v.-.e.ssa ry to repeat the earlier work on the 
pme (‘piirier. 


Synfhes'.s of (i-Xylohrxosaniinic Acid. 

Th(' geiu'ral plan of tin' prc‘paration of the material is as out- 
lined ill tin* ))aragrnph on the preparation of lyxohexosaminic 
acids. The points of difTercnce were the temperature of th(^ re- 
action and till' duration of the interaction of prussic acid and the 
ainino-])entoside. 'Fhe temperature was not allowed to exceed 
and tli(‘ experiment wa.s continued for 30 minutes. Tlie 
further treatment was idiaitical with that for the preparation of 
lyxoh exosa n li n i c acids. 

Separation of the Kpinicn<. -280 gm. of the mixed acids were 
dissolved in a minimum amount of water and methyl alcohol was 
adde<l until a crystalline |>recipitate liegan to form. This was 
filtered off. It ha<l a rotation of +5.0. The mother liquor 
was concentrated to dryness under diminished pressure. The 
re^sidiie was then taken up in a minimum uniount of water and 
on addition of alcohol a precipitate formed, which was removed 
by filtration and had the rotation +2.00 (No. (ila). 

180 gin. of this substance were dissolved in 3(K) (a*, of hot water, 
and the solution was allowed to cool. A precipitate (No. 030) 
thus formed had a rotation — 1.0. 110.0 grn. of No 030 

wore dissolved in 4(X) cc. of hot water and the solution was allowed 
to stand over night and a crystalline deposit (No. (!41) formed 
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having a rotation Hd= —1.0°. On further fractionation of No. 
641 the rotation of the substance did not change. The sub- 
stance melted at 200°C. (uncorrected) with gas evolution. The 
composition was the following. 

0.1000 gm. substance gave 0.1354 gin. CO 2 and 0.0590 gm. H 2 O. 


0.1000 ‘‘ required for neutralization 5.25 cc. of n acid. 

Calculated for 
CiHwNOs: Found; 

C 36.92 36.92 

H 6.66 6.60 

N 7.18 7.35 

The rotation of the substance was: 

Initial. Equilibrium. 


- 0.22 X 100 „ r i» - 0-63 X 100 

Wd 7T771 — “ - “ 0 ■ Ml. rCXi — 


The progress of fractionation of the epimers is as follows : 


Mixed acids 

,/\ 


+ 5 


/ 

(No. 6141 


\ 

+2.0 (No. 615) 


+14.0 (No.627) 

I 

+ 14,0 (No. 028) 


~1.0 (No. 030) 

/\ 

-1.0 -11.0 (No. 041 


The substance with rotation [«]»= + 5° wavS dissolved in a 
minimum amount of boiling water, allowed to stand 30 minutf\s, 
and while still wann w’^as filtered. The precipitate thus fonned 
had the rotation [<^]d~+ 14.0°. The yield of the substance was 
87 gm. These were dissolved in 400 cc. of boiling water. On 
cooling, these formed a precipitate which was removed by filtra- 
tion. The mother liquor was concentrated to dryness under 
diminished pressure. The residue was taken up in a minimum 
amount of water and hot methyl alcohol was added to opales- 
cence. The crystallization began immediately. The optical 
rotation of both substances was identical: + 14.0°. 

Thus the optical rotation of the two epimers obtained by frac- 
tional crystallization were +14.0 and — 11.0 respectively, and the 
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rotation of the a-carbon . atom is therefore 


A-B 

2 


14+11 

'2 


12.5. 


The purity of the two epimers was ascertained l)y the conversion 
of the dextroisomer into its lactone hydrochloride, and the con- 
version of the levoepimer into the benzal lactone hydrochloride. 
Both lactones were subsequently converted into their parent acids. 


d-Dexiroxylohexonaminic Lactone Hydrochloride. 

The lactone was prepared in the manner described in the fol- 
lowiiijsj publication 1 1 was reciystallized from an excess of methyl 
alcohol. The substance had the melting point of 205®C. (un- 
corrected) with gas evolution. The substance had the following 
composition. 

0.1000 g:m. Riibstaricu* pivc. 0.1234 gm. CO 2 nnd (>.0o()4 HjO. 

0.2fKK) required for neutralization 9.31 cc. 0.1 n acid. 


O.KKM) ** “ Utration of llCl 4.5 ec. .N AgNO.v 

CalculAtod for 

CoHisNOiCl: Found: 

(' 33.71 33.05 

H 5.07 5.04 

N 0.55 0.52 

Cl 10.25 15.08 


Converaion of the Lactone Hydrochloride into the Parent Add . — 
5 gm. of the laotC)ne weie dissolved in 50 cc. of water. An 
excess of barium Ijydroxide wa.s added, and the solution was 
allowed to stand over night. The barium and the chlorine were 
then removed quantitatively. The filtrate was concentrated, 
and the acid crystallized on the addition of hot method alcohol. 
The substance had the melting point of 224° (imcorrected) with 
gas evolution. The substance had the following composition. 

0.1070 gm. subHtanou gave 0.1372 gni. (Xls and 0.0020 gm. HjO. 

0.010 ** “ 1.27 cc. nitrogen in the Van Slyke micro- 


apparatus at 26 “CJ. and 759 mm. pressure. 

C 

Calculated for 
C.HwN06: 

... 36.92 

Found: 

37.04 

H 

6.66 

6.86 

N 

7.18 

6.99 



® Levene, J . Biol. Chem., 1918, xxxvi, 89. 
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The optical rotation of the substance was: 


h;:= 


4 0.28 X 100 
1X2 


4- 14.0 


Monobenzal d-Levoxylohexosammic Lactone HydrocMonde, 

2.5 gin. of the ^/-levohexosaininic acid were taken up in a 
solution of 15 cc. of 99.5 per cent of alcohol and 3 ec. of benzal- 
dehyde. Hydrochloric acid gas was passed through the solu- 
tion. The arnino-acid went gradually into solution and after 
some time the entire solution solidified instantaneously. After 1 
hour 2 cc. of ether (dried over sodium) were added and the ma- 
terial ^was allowed to stand an additional 2 hours. The lactone 
was then filtered and recrystallized out of methyl alcohol. The 
melting point was 206®C. (uncorrccted) with gas evolution. 

0.1( 23 gm. suhstauco gave 1038 gin. COa and O.OaCS gin. 


0,1000 “ required for neutralization 3.34 n arid. 

Calculated for 
Ci»nt;.N06. HCl 

(molecular wt. 301.6); Found: 

0 51.72 51.81 

11 5.35 5.57 

N 4. GO 4.GK 


The optical rotation of the substance in 50 p(‘r cent alcohol 
was: 




1.21 X 100 
1X2 


— GO.o 


Conversum of the Lactone into the Free Add, — 10 gm. of the dry 
monobenzal lactone hydrochloride were dissolved in 50 cc. of 
water, and to the solution were added 12.5 gm. of barium hydrox- 
ide containing 5.0 gm. of Ba. The solution was placed on a boil- 
ing water bath . It was soon noticed that on warming, the solution 
turned yellow and developed ammonia. The experiment was 
therefore interrupted after 7 minutes. The solution was then 
rendered acid with sulfuric aci(i. The filtrate from the barium 
sulfate precipitate was extracted repeatedly with ether, ^nd the 
^aqueous solution was freed quantitatively from sulfuric and 
hydrochloric acids. The filtrate concentrated and the amino- 
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acid crystallized on addition of hot methyl alcohol. The melting 
point of the acid was 200®C. (uncorrected) with gas (‘volntion. 
The substance had tlie following composition. 


0.1000 gin. substanoi^ 0.1354 grn. (X )2 and O.fKK) H 2 O. 

O.OlO ** ** in Iho Van Slyko Tnicro-ap])iirjil us gave 1.30 <*(*. 

nitrogen at 35^0. and 702 irim. pressure. 



(yalculanni for 



CeHnNOn; 

Found : 

c 

304)2 

;J0.!)8 

n ■ 

0 . 00 

0.71 

N 

7,!8 

7.10 


The option 1 rotation of tin* substance was: 

Initial. Equilibrium. 

- 0.22 X 100 , - 0.00 X 100 

1X2 ^ 1 X 2 


a\ 


30.0 


Thus the rot at ions of th(‘ (*pimers obtained from tin' lad ones 

wore +14.08 and -II.O r<\sp(‘ctively, and the rotation of their 

. ^ . A-B 14 + 11 

/v-carbon atoms is = - = 12. 0. 




THE ACTION OF NITROUS ACID ON EPIMERIC 
HEXOSAMINIC ACIDS. 

By P. a., LEVENE. 

(From the Laboratories of The Rockefeller Institute for Medical Research,) 
(Received for publicalioii, July 30, 1918.) 

It wEkS definitely proven by the observation of Levene and La 
Forge/ that in course of the rea(^tion of nitrous acid on chitosa- 
ininc and on chitoaaininic acid respectively, a Walden inversion 
takes pla(^e in one of the two substances. It was also shown^ 
that under suitable conditions by the action of nitrous acid on 
the benzal of chitosaininic ethyl ester a diazo derivative is formed 
as an intermediary ])hase. Similarly, it was found by Levene and 
LaForge that chondrosainine and chondrosaminic acid, likewise* 
xylohexosamiuic acid and its lactone, gave rise to epinieric acids. 

Accepting for the structure of the diazo compound the ex- 
pression 

Clh (OH) (CH0H)3 - C - COON 

/\ 

N = N 

it bo(roines evident that each one of a pair of epimers should on the 
basis of conventional theories lead to one and the same diazo 
derivative, and hence to one and the same deaminized acid. On 
the other hand, if two epimeric amino-acids, passing through the 
phase of the diazo derivative, give rise to two epimeric deaminized 
acids, one would be forced to accept the existence of two isomeric 
diazo bodies, perhaps of the nature of electromers. In view of 
these considerations it became important to obtain possession of 
epimeric amino-acids. Three such pairs have been prepared as 
reported in the preceding communication.’* They are chitosaininic 

^ Levene, P. A., and LaForge, F. B., /, Biol. Chem., 1915, xxi, 351. ^ 

2 Levene and LaForge, J. Biol. Chem., 1915, xxi, 345. 

* Levene, P. A.^J. Biol. Chem , 1918, xxxvi 73, 
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and epichitosaniinic; chondrosaminic and epichondrosaminic, 
d-dextroxylohexosaminic and d-lcvoxylohexosaminic acids. In 
each one of the three pairs the epirneric aniino-ac^ids gave rise to 
epiineric anhydro sugar acid as may be seen from the following 
tabulation. 


A. (^hitosuminic 

Epichitosaminic 

B. Chondrosaniinic 

Epi chond rosaininic 

C. Dextroxylohexosaniinic 
d-Levoxylohexosaminic 


anhydro-d-gulonic acitJ. 
“ -d-mannonic “ 

-d-miicic “ 

“ -r/-talonnicic “ 

“ -d-ido8accharic “ 

-/-“Sacphario “ 


One peculiarity was observed in course of the work; namely, 
whereas dextroxylohexosaminic acid and its lactone gave an 
hydro-d-idosaccharic and anhydro-f-saccharic acid respectively, 
the epichitosaminic* atdd and its lactone formed the same an- 
hydro-d-mannonic acid. Thus, while in the first instance a 
Walden inversion took place, in either the acid or the lactone, 
in the second, the inversion occurred in neither or in both. Simi- 
lar irregularities were observed by Fischer and his coworkers in 
their study of the action of nitrous acid on amino-acids and their 
esters. 

Whether the lactone and the corresponding hexosamine yield 
the same deamiiio-acid could not as yet be established. Epi- 
chondrosaraine has been obtained synthetically, but the sugar was 
found to possess such peculiarities that up to the present the 
attempt to convert it either into the amino-acid or into the 
deaminized acid has failed. The preparation of larger quantities 
of the sugar are now in progress. 


EXPERIMENTAL. 

The deamination of the amino-acids was brought about in the 
same maimer for all acids. 5 gni. of the acid were dissolved in 
50 cc. of 7.5 per cent hydrochloric acid. To the solution 5 gm. 
of silver nitrite were added. The flask containing the mixture 
was immersed in an ice and alcohol cooling mixture. The bath 
was allowed to wann up gradually to room temperature. After ' 
12 to 16 hours a new portion of 2 gm. of silver nitrite and 
^^2 cc. of 10 per cent hydrochloric acid was added. The material 
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was then allowed to stand 4 to 6 hours at room temperature. 
The resulting solution was freed from silver by means of hydrogen 
sulfide, the final filtrate concentrated, under diminished pressure, 
to a small volume and further treated according to the aim of 
the individual experiment. 

Lactones were deaminized in a similar manner, the variation 
consisting in that 5 gm. of the lactone hydrochloride were dis- 
solved in 50 cc. of distille<l water, to which about 1 cc. of 10 per 
cent hydrochloric acid was added. 


Deamination of Epichitosaminic Add. 

The mother liquor after deamination wavS reduced by means 
of aluminum amalgam a(;coi’ding to the im^tliod of Levene and 
Meyer,'* and the resulting solution neutralized with calcium car- 
bonate, and eonc(intrated under diminished pressure to a small 
volume. The composition of the salt was the following. 

0.1020 gui. substance gave 0.1244 gni. (X)^, 0.0482 gm. H'jO, and 0.01X4 
gm. (/uO. 

Calculated for 

(C«H»0fl)2Ca-f2H*O: Found: 


C 3X.49 33.20 

H 5.12 5.07 

Ca 9.30 9. .38 


The optical rotation of the substance was 


4- 0.71 X 1(H) 


Under the same conditions the lactone gave a salt of the fol- 
lowing composition, 

0.1030 gm. substance gave 0.1282 gm. COa, 0.0484 gm. HaO, and 0.0138 
gm. CaO. 

Caloulated for 

(C«H.O.)«f;a+2HsO: Found: , 


C .3.'?.49 3:{.94 

H.. : 5.12 5.26 

N 9.. 30 9.56 


* Levene, P. A., aiad Meyer, G. M., J. Biol, Chem., 1917, xxxi, 599. 
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The rotation of the substance was 




4-0.71 X 100 
1X2 


4- 35.5° 


On deamination of chitosaminic acid chitaric acid is formed. 


Deamination of Epichondrosaminic Acid. 

In this instance the dicarboxylic acid possesses more convenient 
properties, and hence the product of deamination was oxidized 
further by means of nitric acid. For this purpose the solution 
obtained on deamination of 6 gm. of the amino-acid was concen- 
trated to 35 cc., and an equal volume of concentrated nitric acid 
was added, the solution heated over a flame until the evolution 
of red fumes, and then the heating maintained for 7 minutes. 
The reaction product was rapidly evaporated with constant stii*- 
ring on a clock glass placed on a boiling water bath. The residue 
was redissolved in a solution of 5 cc. of water and 5 cc. of nitric 
acid and again evaporated to dryness. The product was then 
evaporated twice with water in order to remove: ^the adhering 
nitric acid. Finally the acjneous solution was conv^ied into the 
calcium salt. The yield was 3.5 gm. of the crude calcium salt. 
The crude material was purified by removing the calcium by means 
of oxalic acid and reconverting the filtrate into the calcium salt. 
The dry substance had the following composition. 


0.0988 gm. substance gave 0.1042 gm. CO 2 , 0.0302 gm. H 2 O, and 0.0222 
gm. CaO. 

Calculated for 

(CsHsOsCa): Found; 


C 29.03 28 70 

H 3.22 3.'44 

CaO 22.58 22,47 


The rotation of the substance was 




• 0.45 X 10 0 
1X5 


9.0° 


\ 


Under the same conditions of oxidation chondrosaminic acid 
yields the inactive anhydromueic acid. 
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Deamination of d-Dextroxylohexomminic Add, 

In the earlier work of Levene and LaForge it was found that 
xylohexosjiminic acid and its lactone gave rise to d-anhydro- 
idosaccharic and Z-anhydrosaccharic acid. Since this work was 
carried out on a material which consisted of a mixture of the two 
epimers, it became necessary to verify these earlier experiments. 

10 gm. of pure df-dextroxylohexosaminic acid were converted 
into anhydroidosaccharic acid in the same manner as previously 
described by Levene and LaForge. This time the substance 
crystallized after the first evaporation. It was taken up in a 
miniraimi amount of water and several volumes of acetone were 
added. On standing, the substance crystallized. The yield of 
recrystallized substance was 4.8 gm. The composition of the 
substance was the following. 

0,1128 gin. substance lost on weighing 0.0186 gm. 

Calculated for 

C6H8O7+2H2O 

UiO 1.5.80 

0.0942 gm. dry substance gave on (tonibustion 0.1282 gm. CO 2 and 0.0362 
gm. 11 2 O. 

Calculated for 

CUhOr: Found: 

C 37.50 37.11 

H 4.20 4.:i0 

The rotation of the substance was[«]» = — = —78.0°, 

.1 X 

or calculated for the dry substance == — 93.4°. 

On oxidation of the lactone, the acid potassium salt of anhy- 
drosaccharic acid was obtained. 

Deamination of d-Levoxylohexosamime Add. 

7 gm. of the acid were deaminized in the way described above. 
The reaction product was brought, by distillation under diminished 
pressure, to a volume of 30 cc. An equal volume of nitric acid 
was added. The solution was heated over a free flame until the 
beginning of the evolution of fumes; it was then gently heated for 
7 minutes after which the solution was transferred to a clock 
glass, and evaporated on a water bath to dryness. The residue 


Found: 

16.49 
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was again dissolved in, a solution consisting of 5 cc. of nitric acid 
and 5 cc, of water. The final product was converted into the acid 
potassium salt in the manner described by Levene and LaForge. 
The yield of the crude product was 3.05 gm. The salt was re- 
crystallized three times and then had the following composition. 


0.1000 gin. substance gave 0.036G K 2 SO 4 . 
K 


Calculated for 
CemOrK+HfO: 


15.70 


Found: 

16.03 


The optical rotation was 


M^ 


-JhT^XjlOO 

1X2 


-37.50^ 



THE COLORIMETRIC DETERMINATION OF PHENOLS 
IN THE BLOOD. 

Br Sl'ANLEV tt. BENKDIC1’ axi> RUTH C. THEIS. 

(From the Hnntington Fund for Cancer Uesearch, Memorial Hos]ntal, and 
the Mrn. Tr. A. Clad: Fund, Harriman Research Laboratory, 
Roomuil Hospital, Xew York.) 

(Rccoivod for piibliciitif>n, August 20, 191H. ) 

In 1015, Folin and Denis’ described a inetbod for the dfder- 
ininntion of free and (ainjugated phenols in the urine, using' a 
phos[)ho1ungstic-phosphomolybdic r(‘agent, which, in the pres- 
enc(‘ of sodium carbonab', gives a color reaidion with phenols, 
'riie formula for the color reagent was published in 1912," at the 
saiiH^ tim(‘ as the uri(‘- acid reagent; Later, Folin and Denis'* 
afiplied the method to phenols in the feces. Little has been done 
since in phenol det(*rminations, except by Dubiii, who published 
papcM’s on the formation and (‘limination of plumols under nor- 
mal and pathological conditions,’ and on tin' effect of feeding 
i nosite on the elimination of phenols.‘‘ 

In connection with some work which w(.‘ have been doing on 
the ch(‘mical analysis of blood in carcinomatous patients, we at- 
tcmptcal to apply t he color reaction to the detennination of phenols 
in the blood. A method has finally been worked out , which we 
believe to be reasonably simple and a.c(airate. 

In brief, our method f)rovides for the determination of (a) 
uric acid in oik* sample of the blood, and (b) of uric acid and 
phenols Jn a second sample of the same blood. The ])h(‘nol 
content of the bloo'd is then obtained by diffeic'nce. At pnvsent 
this procedure seems preferable to one based upon any attem])t 
to separate the uric acid from the phenol, and to determine the 

‘ Folin, Om and NV., J. Biol, Chem., 1915, xxii, 305. 

"Folin and Denis, J. Biol. Chenu, 1912, xii, 239. 

* Folin and Denis, ./. Biol. Chem., 1916, xxvi, 507. 

'•Diibin, H.; J- Biol. Chepi.y 1916, xxvi, 69. 

'’Dubin, J. Biol. Chem., 1916-17, xxviii, 42^). 
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latter separately. Since, according to our technique, uric acid 
gives only about one-third as much color as does an equal weight 
of phenol, the error involved in correcting for the uric acid present 
is, we believe, negligible. 

Blood filtrates freed from protein and treated with phenol 
reagent and 20 per cent sodium carbonate give solutions of a 
muddy green color, which are hard to read in the colorimeter 
and not very stable or satisfactory to work with. The solutions 
precipitiite out easily. Dubin^ also reports this green color in 
working with urines. 

The stabilizing^^ action of sulfites upon the reduction of 
photographic^ plates by phenols is a matter of common knowledge. 
This fact led \is to test the influence of sulfite upon flie develop- 
ment of color by the phenol reagent. The effect is quit(> re- 
markable. The dirty green, colorations change instantly to a 
clear and brilliant blue upon the addition of the sulfite. The sul- 
fite is added after the carbonate, and an excess of carbonate is 
always used. The final solutions match the standards perfectly 
in f.he colorimeter, and arc remarkal)ly stable. The range of 
accuracy of the reaction depends on the particular sample of so- 
dium tungstate used in the reagent. The standard solutions 
never precipitate out, jyid the unknown, only when a large 
excess of potassium oxalate has been added t o the blood to pre- 
vent clotting. In that case they can easily be centrifuged anfl 
read. The maximum color is reached in 20 minutes, and the 
color is so stable that a vStandard may be used for detonni nations 
all day; in fact, some standards have been kept 5 days without 
altering. Some unknown solutions were left for several days, 
then read against a standard simultaneously prepared. The 
results were almost identical, as the following tabulation shows. 
The figures indicate mg, per 100 cc. of blood. 


I Day. 

3 Days. 

1 Day. 

3 Days. 

J Day. 

1 3 Days. 

4.52 

4.58 

4.56 

4.53 

4.93 

4.64 

4.16 

4.36 

4.06 

4,90 

4.94 

4.90 


Uric acid gives a blue color with the phenol reagent, but the 
color is only about one-third as intense as the phenol. As each 
fresh reagent is prepared, a known uric acid solution. should be 
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compared with the phenol standard to detenniiie the percentage 
of color produced by uric acid. The uric acid should be deter- 
mined on the same specimen of blood, according to Benedict,® 
calculated in terms of phenol, and subtracted from the total phenol 
color. 

Folin and Denis® use as standard a strong solution of phenol 
in 0.1 N HCl, and dilute from that. Phenol cannot be weighed 
accurately, and must be titrated \^dth iodine and sodium thio- 
sulfate. The dilute solutions keep only for a few days.'* There- 
fore, a phenol which (!an be weighed directly would be more 
desirable. Pure resorcinol gives 86 per cent of the color given 
by phenol. We use as a Htaiidar<l a solution of n^rcinol (0.581 
mg. of resorcinol in 5 cc.) in 0.1 n HCl, which corresponds in 
color to 0.5 mg, of phenol in 5 (*c. A solution five ' times this 
strength in liydrochloric* acid has been kept without altering for 
4 mf)nthH, and the dilution has Ixhui made from that ea(di week. 

The method as used by us is as follows.: Pn^eipitate the pro- 
teins from 5 cc. of defibrinat(;d blood with five times the volume 
of boiling 0.01 n of acetic acid. Add an equal volume of boiling 
water and 10 c(*. of aluminum cream and filter while hot, wavshing 
out the casserole with boiling water several times. Boil the fil- 
trate to about one-half volume and precipitate again with alu- 
minum cream, or boil to smaller volume and precir)itate with 
colloidal iron. Boil this filtrate to about 10 cc. and transfer 
quantitatively to a graduated cylinder. To this add 8 cc. of 
phenol reagent (made by boiling under a reflux condenser for 2 
hours, 100 gm. of sodium tungstate, 20 gm. of phospliomolybilic 
acid, 50 cc. of 80 per cent phosphoric, and 750 (^c. of water, 
cooled and diluted to 1 liter) and 3 cc<. of 20 per cent sodium 
bisulfite. Mix immediately and make up with distilled water 
to from 50 to 100 cc., according to amount of color produced. 
Compare in a colorimeter after 20 minutes against a simultane- 
ously prepared standard of resorcinol (0.581 mg. in 5 cc.) simi- 
larly treated and made up to 100 cc. The colorimeter is con- 
veniently set at 20 mm. Calculate in terms of mg. per 100 cc. 
of blood. 

Detennine uric acid on the same specimen and calculate in 
terms of phenol. Subtract this from the total color with phenol 

® Benedict, S. R., J, Biol. Chem., 1915, xx, 629. 

TH® JOURNAL. OF BIOLOGICAL. ClIBMISTRY, VOL. XXXVI, NO. 1 
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reagent,* and the result represents jng. of phenol per 100 ct\ of 
blood. 

We have added known quantities of resorcinol to blood samples 
and have recovered about 85 per cent by the above method. 
Phenol itself added to blood disappears completely during the 
boiling of the blood filtrates. We have, however, assured our- 
selves of the practi(;al absence of volatile phenols from blood by 
testing the distillate from the blood filtrates with the phenol 
reagent, with a negative result. 



PHENOLS AND PHENOL DERIVATIVES IN HUMAN 
BLOOD IN SOME PATHOLOGICAL CONDITIONS. 

By RMTH C. TIIKLS and STANLEY R. BENEDICT. 

{From ike Hunlingion Fund for Cancer Research, Memorial Hospital, and 
the Mrs, W, A. Clark Fund, Harriman Research Laboratory, 
Roosevelt Hospital, New York.) 

(Rocoivod for publicalion, August 20, 1918.) 

Phenols in urine have recently been determined colorinietrically 
by Folia and Denis^ and by I)ubin.“ The Folin-Denis method 
has b('en adapted b}^ the present authors to the determination of 
ph(‘nols in blood. The method as described in the prc^ceding; paper 
depemds upon the blue color produced by the reaction of phenols 
with a phosphotungstic-phosphomolybdic I’eagent of Folin and 
Denis'*’ in the ))resenco of sodium carbonate and sodium sulfite. 
Uric acid, the chief other constituent of blood, giving a blue 
color with this r(‘agent, is separately deteimined, and its value 
subtracted from the total. 

Phenols have been determined in 83 specimens of blood, cover- 
ing a variety of conditions. Cases 1 to 30 (Table 1) were ob- 
tained from the Roosevelt Hospital through the courtesy of Dr. 
W. i t. Lyle; Cases 31 to 83 from the Memorial Hospital through 
the cooperation of Dr. William S. Stone. The K,o()sevelt cases 
average 4.73 mg. per 100 cc. of blood, with a variation of 2,38 to 
7.33 mg. Although thirteen different conditions are repre- 
sented, little difference in the phenol value can be detected and 
that value bears no relation to the amount of uric acid present. 
The three hernia cases average rather higher than the others, 
which perhaps is due to increased intestinal putrefaction. Poly- 
cythemia case (No. 30) had been treated with benzene for some 
time, but the phenol is not increased, Folin and Denis^ found an 

^ Folin, 0., and Donis, W., J. Biol. Chem., 1915, xxii, 309. 

® Dubin, H., J. Biol. Chem., 1916, xxvi, 69. 

^ Folin, 0., and Denis, W., J. Biol. Chem., 1912, xii, 239. 
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TABLE I. 


Case 

No. 

Diagnosis. 

Uric acid. 

Phenol. 

1 

Nephritis. 

mg. per 
100 ee. 

5.02 

mg. per 
100 cc. 

3.44 

2 

if 

2.4.5 

4.72 

3 

u 

2.09 

6.91 

4 

it 

5.05 

5.00 

5 

it 

7.05 

4.84 

6 

it 

2,88 

4.40 

7 ‘ 

it 

4.32 

4.06 

8 

it 

2.74 

: 4.29 

9 

it 

3.88 

2.38 

10 

it 

6.05 

5.42 

11 

Pneumonia. 

1.98 

4.70 

12 

<< 

^ 1.29 

5.11 

13 


<1 

4.53 

14 

Diabetes. 

1.91 

4.01 

15 

it 

4.85 

4.40 

16 

Fractures. 

1.52 

0.55 

17 

and tabes. 

3.86 

1 3.63 

18 

Fracture. 

2.47 

4.93 

19 

Hernia. 

1.20 

5.43 

20 

ti 

2.45 

7.33 

21 

a 

2.13 

5.66 

22 

Varicocele. 

<1 ^ 

6.90 

23 

Dysentery. 

2.53 

3.58 

24 

Raynaud’s disease. 

6.15 

5.60 

25 

Tabes. 

5.35 

5.81 

26 

Empyema. 

4.20 

5.75 

27 

Neurasthenia. 

2.57 

3.21 

28 

RheumatisrUi. 

1.61 

4.28 

29 

** * ! 

1.45 

6.73 

30 

Polycythemia. 

3.17 

4.18 

31 

it 

6.18 

4.38 

32 

Leukemia and tabes. 

, 1.53 

5.65 

33 

Fibroid of uterus. j 

<1 

4.75 

34 

it it it . 

1 

1.91 

5.55 

35 

it t.t it 

2.98 

3.36 

36 

it it it 1 

3.97 

5.16 

37 

Carcinoma of uterus. 

3.52 i 

3.17 

38 

it it it 

<1 . 

2.52 

39 

a a it 

<■1 

4.13 

40 

“ " (postoperative). 

<1, 

5,30 

41 

it it it it 

<1 ! 

6.25 
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TABLE l-^ConcIuded. 


Case 

No. 

Diagnosia. 

Uric acid. 

Phenol . 


■ 

mg. per 
100 ce 

7ng. per 
100 cc. 

42 

Carcinoma of uterus. 

<1 

4.91 

43 

tt *< it 

<1 

6.25 

44 

it a u i 

4.65 

2.91 

45 

ii it u 

1.62 

4.48 

46 

i< 

2.26 

3.30 

47 

n it a 

3.52 

2.80 

48 

u a t( 

2.31 

4.73 

49 

it it tt 

2.12 

4.80 

.50 

tt it it 

1.42 

4.40 

51 

“ “ ovary. 

1 

5.87 

52 

it U tt 

2.39 

3.03 

53 

Endometritis 

3.80 

1.95 

54 


2.30 

3.74 

55 

Lymphosarcoma . 

1.80 

7.68 

56 

“ 

1 . 50 

5.15 

57 


1.91 

4.72 

58 

“ 

2.80 

.S.17 

59 

it 

1 

5.19 

60 

Fascial sarcoma. 

2.06 

4.88 

61 


1.73 

5.36 

62 ! 

.Sarcoma of thij2:li. 

3.22 

6.01 

63 ' 

“ “ sternum. 

1.97 

4. 28 

64 

« “ leg; gangrene. 

2.53 

7.23 

65 

Carcinoma of tongue. 

2.52 

4,10 

66 

it it a 

1.96 

1 4.14 

67 

** “ tonsil. 

<1 

7.96 

68 

“ neck. 

1 2.40 

4.78 

09 

Keloid of neck. 

4.25 

5 . 55 

70 

Carcinoma of parotid gland. • 

2.36 

3.22 

71 

it it it tt 

1.33 

1.87 

72 

Epithelioma of inferior maxilla. 

2.22 

5.08 

73 

Carcinoma of stomach. 

2.04 

3.73 

74 

“ breast. 

1.55 

3.88 

75 

tt it it 

2.30 

4. 68 

76 

tt tt tt 

2.29 

7.19 

77 

“ chest wall. 

3.50 

4. 15 

78 

Hodgkin's disease. 

<1 ' 

5.57 

79 

> Mediastinal tumor. 

1.63 

4.08 

80 

Neoplasm in hing. 

2.87 

4.64 

81 

Tubercular cervical adenitis. , 

2.22 

3.88 

82 

Abscess of liver. 

2.11 ” 

6.27 

83 

Chronic gastritis. 

2,62 

3.05 
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Phenols in Blood 


increase from 0.3 to 0.87 gm. in the phenols excreted in the urine 
in a leukemia case, which was being treated with Ixmssenc. 

The Memorial Hospital cases are cancer or allied diseases. 
Their average is 4,68 mg,, with a variation of 1.87 to 7.96 mg. 
The only observation to be made here is that the sarcoma patients 
(lympho- and others) have an average of 5.36 mg., which is higher 
than the others. 

, Herter and Wakeman'' determined the power of various tis- 
sues to conjugate phenols and indole by what, they called the 
'‘contact test.” A definite amount of tissue was brought into 
contact with a known solution of phenol and indole, then distilled 


TABLE ir. 


Cose No. 

Uric acid -|“ 
phenol. 

Uric acid 
-H conjugated 
phenol. 

Case No. 

Uric acid -f 
phonol. 

Ui ic acid 

4- conjugated 
phenol. 


mg. per 100 cc*. 

mg. per 100 tc. 


rng. per 100 ce. 

mg. per 100 rr. 

1 

5.25 

4.56 

13 

5.73 

5.40 

2 

6.36 

6.00 

14 

4.65 

4.94 

3 

4.71 

5.04 

15 

6.83 

6.84 

4 

3.74 

3.40 

16 

8.10 

7.96 

5 

4.06 

4.56 

17 

6.47 

6.45 

6 

5.30 

5.66 




7 

5.93 

4.94 




8 

4.45 

3,92 




9 1 

5.49 

4.84 




10 

7.40 

8.28 




11 

4.15 

4.33 




12 

3.91 

4.65 





and the distillate tested for phenol by Millon^s reaction, and for 
indole, by the nitrosoindole test. By this method they found that 
the liver conjugated the largest amount of phenol and the brain 
and blood the least. In the urine Folin and Denis^ found that the 
free phenols repesented from 30 to 90 per cent of the total. We 
tested for conjugated phenols in the blood by treating 5 cc, as 
for the phenols, but to the final filtrate, in a test-tube we added 
eight drops of concentrated hydrochloric acid. This was heated 
to boiling, and then left in a boiling water bath for 10 minut.es. 
The hydrolyzed solution was transferred to a graduated cylinder 
and the amount of phenol estimated colorimetrically. 

* Herter, C. A., and Wakeman, A. J., J. Exp. Med.^ 1899, iv, 307. 
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The results of Table II show that there arc no conjugated 
phenols in blood; because while there is some variation, it is no 
greater than the error possible in the method. 

By determining (a) uric acid, (6) total color with the phenol 
reagent, and (c) total color with the uric acid reagent, which reacts 
onl}^ with uric acid and polyphenols, it is possible to determine 
the relative proportion of mono- and of polyphenols in the blood. 
Work on twenty-two cases seems to indicat(‘ that the poly- 
phenols repre^sent about one-third of the total phenols. Mcjre 
work is being done in these determinations. 

SirMMARY. 

Phenols detennined in a numlxn- of pathological* cases show 
variations between 1.87 and 7.96 and average 4.70 mg. pej* 100 
cc. of blood. The three hernia eases and ten of sarcoma average 
higher than the others. 

The blood contains no conjugated phenols. 

The polyphenols appear to represent about one-third of the 
total phenols. 




MUCINS AND MUCOIDS. 

By P. a. LEVENE and J. L6PEZ-SUAKEZ. 

(From the Laboratories of The, Rockefeller Institute for Medical Research.) 

(Received for publication, July 23, 1918.) 

The structure of mucin and allied substances has remained in 
obscurity until recent years, although these substanceA^^ interested 
both the chemist and the phyAsiologist. Knowledge was lacking, 
particularly regarding the mode of union between the sugar and 
the rest of the molecule. The information given in text-books 
was generally limited to that of the solubilities and some 
other j)hysical properties. Th(^ sulxstances were classified in t hree 
groups: mucins, mucouis, and glu coproteins. 

More recently Irvine and Hynd^ had suggested the following 
structure of this group of substances. 


i 0 

CH 2 (OR:,) CH (OR 4 .) CH CII (ORa) CllCU 

I I 

N-O 

/l\ 

11, ]{, G 

According to this conception the amino group of the nitroge- 
nous sugars serves as a bridge for the linking of amino-acids to the 
sugar, in a peptide as well as in a glycosidic union. The hypothe- 
sis suggested itself to Irvine and Hynd on the ground of their 
Wbrk on the glycosides of chitosamine, and wa^s based entirely on 
speculative evidence. Irvine expressed the view rather tenta- 
tively, realizing the need of experimental proof. 

On the other hand, evidence accmnulating tending to show 
that all substances allied to mucins contained in their molecule a 
complex acid which in its structure boi-e no similarity or relation- 
ship to peptides. 

^ Irvine, J. C., and Hynd, A., J, Chem, Soc,, 1913, ciii. 41. 

105 
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For many years it was known that an acid of the type of conju- 
gated sulfuric acid existed in the molecule of chondromucoid.*^ 
Later its existence was revealed also in tendomucoid. The acid 
under the name of chondroitin sulfuric acid was discovered by 
Morner, and received further attention through the efforts of 
Schmiedeberg at a time when methods applied to the study of 
carbohydrates were very imp(n-fect. Later, in course of the work 
it was found that the acid could not be isolated with equal fa- 
cility from every mucin or mucoid.''* In many instances the re- 
moval of the protein radicle was accomplished only after numer- 
ous operations, and in course of these operations the conjugated 
sulfuric acid suffered partial decomposition. It was not clear 
(and it partly still remains so) whether the differences of indi- 
vidual mucins lay in the protein or in the acid radicles. 

Finally a chemical distinction was <liscovered between the con- 
jugated sulfuric acids of different origin The difference was in 
the components. Whereas one contained in its molecule the 
nitrogenous hexose, chondrosamine, the other had in its place 
chitosamine. For the former the name chondroitin sulfuric acid 
was retained, the latter was named mucoitin sulfuric acid. 

The substances of the first group revealed a comparatively 
greater resistance towards hydrolytic agents and could be obtained 
in a fair degree of purity, whereas the substances of the second 
group when prepared free from protein always appeared in form 
of a mixture of mucoitin sulfuric acid .with mucoitin. Also the 
intermediary substances showed a difference in their resistance 
towards hydrolytic agents, so that chondrosin could be prepared 
in a practically pure state whereas mucosin was found so labile 
that, under the conditions which permitted the preparation of the 
former, the latter was nearly completely hydrolyzed. On the 
other hand, when mucoitin sulfuric acid was subject to mil(|pr 


2 Morner, C. T., Skand. Arch. Physiol., 1889, i, 210. 

» Levene, P. A., Z. physiol. Chem., 1900-01, xxxi, 395. 

^ Mandel, J. A., and Levene, P. A., Z. physiol. Chem., 1906, xlv, 386. 
L6pez*Sud,rez, J., Biochem. Z., 1913, Ivi, 167. Alzona, F., ibid., 1914, Ixvi, 
408. 

® Levene, P. A., and L6pez-Sudrez, J., J. Biol. Chem., 1916, xxv, 511; 
xxvi, 373. 
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hydrolysis a nmcosin resulted which still contained undecornposed 
mucoitin. 

Because of this instability of mucoitin sulfuric acid, the acid 
itself and the products of its partial hydrolysis were not obtained 
in the same degree of purity as (diondroitin sulfuric acid and the 
corresponding products derived from it. 

Furthermore, in course of the present work some differences 
wer(^ observed bf^tween various members of the mucoitin sulfuric 
acid group. It is true that, since the individual members were 
not always obtained in absolutely pure state, there is present 
also the possibility that these differences were brought about by 
imf)Ui*itit\s. However, the impression still remains that the acids 
of this group belong to two types. A ref)re8entative of one type 
is the sul)st ance derived from funis mucin. The acid of this type 
is characterized by its gelatinous nature when precipitated by 
glacial acetic acid, by th(^ comparatively small quantity of glacdal 
acetic acid re(iuired for its precipitation, and by the readiness 
with which it forms an insoluble bariimi salt. The barium salt 
is very sparingly soluble in w^ater, but is readily dissolved in the 
presence of acetates. 

Th(' second type of mucoitin sulfuric acid is characterized by 
the greater solubility of the barium salt, by the fact that the 
substance* is precipitated by glacial acetic acid in form of a floccu- 
lent prc^cipitate, and by the fact that a large excess of the acid is 
required in order to bring about the precipitation. A represen- 
tative member of this type is the substance obtained from gastric 
mucus. 


Structure of Mucoitin Sulfuric Acid. 

Concerning the structure of the acids of this group, it seems 
permissible to assume the same hypothesis as was previously 
formulated by Levene and La Forge for chondroitin sulfuric acid. 
On removal ,of sulfuric acid a substance is formed which is an- 
alogous to chondroitin. It is non-reducing, and does not contain 
free amino groups. Oh hydrolysis it forms mucosin, which is a 
disaccharide composed of glucuronic acid and chitosamine. Mu- 
coitin, similarly to chondroitin, contains one acetyj group to 
each molecule of chitosamine, glucuronic, and sulfuric acids. 
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The glucuronic acid was identified in all the acids of the mucoi- 
tin sulfuric acid group but not with the same degree of exactness. 
Whereas in the acids of the funis mucin type the glucuronic acid 
was identified by the formation of furfural, by the analysis of 
the phenylhydrazine derivatives, and by the analysis of the acid 
potassium salt of saccharic acid formed on oxidation with nitric 
acid; in the acids of the second group it was demonstrated only 
by the furfural distillation, and by the formation of the phenyl- 
hydrazine, which, however, was obtained in a quantity too small 
for purification and analysis. 

As regards the details of the structure all the arguments which 
suggested the structural formula of choridroitin sulfuric acid may 
be repeated for the suggestion of a graphic fonnula for mucoitin 
sulfuric acid. This is as follows: 

c H2OH c HaOn 


OH SO 2 - 0 - C 11 

1 

OII-SO 2 - 

() - C H 

1 

1 

i - CII 

‘ 1 


1 

CH 

i 1 

( I 

1 HO OH 


' 1 

HO OH 

0 i 


<> 1 

I HCNHr(X)OF3 

1 1 


. HC NH - COO 
1 

i 1 

‘ OH 

1 


: 1 

CH 

1 

1 

1 0 - - 0 1 

() 

I 

0 

1 OH H 1 1 

OH H 

: 1 

H C - C - C - C - C - (;()OH H C 

- 0 - c; ~ 

0 - C -- COOH 

i H OH H H 

11 OH 

1 1 H 


- o 


On this occasion the structure of chondroitin sulfuric acid is 
presented for comparison though in a form slightly different from 
that originally suggested by Levene and La Forge. The differ- 
ence is introduced in that part which expresses the structure of 
the amino sugar. In the early period of the work the amino- 
hexose was assumed to be derived from Lribose. It was later 
established that the configuration of the sugar was that of a 
d-lyxohexoSamine. The substance is graphicaUy presented as 
follows: 
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CHa-O-SOa-OH 
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II ~C 
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H-O 
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In both fonnultus the position of the sulfuric acid radicle, the 
place of union of sugar and glucuronic acid, and the position of 
the amino gi'oups ar<‘ arbitrar}'. To the sulfuric acid is assigned 
a, (lifTf(‘rent position in the two substances in order to indicate the 
existence of a difference in their respective behavior towards 
hydrolytic agents. 


Dintrihution of the Acids of Various Types. 

The distribution of the acids in various organs and tis.sues was 
found to be the following: 

I. Choiulroitin sulfuric acid. 

1 t'artilagc. 

2 Tendons. 

:i Aorta. 

4 Sclera. 

11. Mucoitin sulfuric acid. 

0 , . A. 1 Funis mucin. 

2 Humor vitreous. 

3 Cornea. 

B. I Mucin of gastric mucosa. 

2 Serum mucoid. 

3 Ovomucoid. 

4 Ovarian cysts. 

Table I contains a summary of the analytical data obtained on 
the individual substances. 
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EXPERIMENTAL. 

Group L 
Aorta Mucoid. 

Preparation of Chondroitin Sulfuric Acid. 

100 pounds of aorta freed from extraneous tissue were put 
through a hashing machine, taken up in 20 liters of a 2 per cent 
solution of sodium hydroxide, and allowed to stand for 36 hours. 
The extract was decanted and the residue again extracted for 
another 36 hours. The combined solutions were strained, neu- 
tralized, concenti ated with an excess of barium carbonate, filtered, 
and finally precipitated with glacial acetic acid. The precipitate 
had the appearance of chondroitin sulfuric acid. The precipitate 
was washed with glacial acetic acid, then with alcohol, and dried. 
The yield was 40.0 gm. Of these 8 gin. were used for hydrolysis 
and the i-cmaining material was purified in the following manner. 

The maferial was again dissolved in water and precipitated 
with gla(tial acetic acid. The precipitate was wasluKl with glacial 
acetic acid and then with alcohol. The dry precipitate was dis- 
solved with the aid of potassium hydroxide. To this solution a 
slight excess over the required amount of barium chloride' was 
added, followed by the addition of an equal volume of 95 per 
cent alcohol. The precipitate was washed by decantation with 
50 per cent alc-ohol until free from barium chloride. The washing 
was then continued with alcohol of progressively increasing 
strength, finall}- with ether, and dried. The yield of this material 
was 25 gm. 


AnaltjitiH of Substa^ice. 

0.200 gni. substance required for neutralization 8.0’J <*(*. 0.1 n acid. 


0.2(K) gftve on fusion 0.0354 gm. BaS() 4 . 

0.0778 “ “ “ combustion 0.0818 gm. CO 2 and 0.038(5 gm. 

HaO. 

Calculated for 

CsaH 44O29 NaSjfiaa : Found: 

C 27.8 28.7 

H 3.48 3.35 

N 2.32 2.54 

S 5.30 2.4 
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Hydrolysis of Substance for Identification of Sugar, 

8 gm. of tho substance with 60 cc. of 20 per cent hydrochloric 
acid, together with 1.5 gm. of barium chloride and 1.5 gm. of 
stannous chloride, were hydrolyzed with reflux condenser for 12 
hours. The product of hydrolysis was freed from barium and 
tin and the filtrate concentrated under diminished pressure, 
warmed to about 50® C. in a water bath. On concentration the 
sugar crystallized in long, microscopic, prismatic needles, 't'hese 
were transferred to a flask by means of alcohol containing hydro- 
chloric acid. The flask was allowed to stand over night and the 
precipitate was then filtered and washed with alcohol and ether. 
The yield was about 1.0 gm. The melting point was 183® 
(uncorrected). 

0.020 gm. gave in the Van Slyko apparatiiK 2. .30 cc. of nitrogen gas 
at 25®C. and 7(52.7 mrn. pressure. 

Calculated for 

CoHiaOoN.HCl: Found: 

N 6.51 • 6.40 


' The rotation of the substance was the following: 


Initial. 

r ,8, + 1,54 X 2.059.1 


Equilibrium. 
+ 2.27 X 2.0593 


1 X 0.0508 


= + 91.1.5*^ 


Preparation of Chondrosin. — 20 gm. of chondroitin sulfuric 
acid were hydrolyzed for 1 liour in a boiling water bath with 60 
cc. of 20 per cent hydrochloric acid. The reaction product was 
filtered, concentrated under diminished pressure, and precipitated 
by means of alcohol and ether. The yield was 4 gm. The 
analysis of the substance gave the following results. 

0.100 gm. required for neutralization 3.10 cc. 0.1 n acid. 

0.020 gm. gave in the Van Hlyke micro-apparatus 1.2 cc. N at 25°0., 
and 759.6 mm. pressure. 

Calculated for 

CijHwOuN.HCl: Found: 


N 3.58 4.34 

NHr-N 3.58 3.41 
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+ 1.04 X 2.0020 
1 X 0.0496 


+ 42.00" 


Sclera Mucoid. 

Preparation of Chondroiiin Sulfuric Acid. 

For the preparation of this substance, originally the sclera and 
cornea were woi'ked up in one. The hydrolysis of the substance, 
however, revealed the presence of two sugars, chitosarnine and 
chondrosamine. Because of this in later experiments the cornea 
was dissected out. The sample used for ultimate analysis was 
prei)ared from sclera and cornea combined. But the sugar frac.- 
tion still contained some glucosamine. On the other hand the 
mucoid from the cornea contained some glucosamine. 1'he sclera 
was th(i only tissue which yielded mucoid containing both sugai's, 
and tlw) possil)ility is not excluded that one of thorn (chitosarnine) 
is derived from adhering extraneous tissues. 

The ])rocedure for* the preparation of the conjugated sulfuric 
acid was the following. Tire eyes w(‘re freed from adhering 
muscle and connective tissue, then the humor vitreous, lens, and 
retina were removed. Finally, the cornea and sclera were washed 
with running water from all extraneous material. After this the 
corneas were carefully dissected out, and the scleras were minced 
in the hashing rna, chintz, and placed in a large volume of a 3 per 
cent, sodium hydroxide. For the corneas of 1,000 eyes 20 liters 
of sodium hydroxide w^ere used. The extraction was continued 3 
days, at the end of which time th(^ solution was strained througli 
cheese-cloth and neutralized with acetic acid. Barium carbon- 
ate was then added in excess and the mixture was (concentrated 
on a water bath to a small volume. The product of the reaction 
was filtered on a suction funnel and then, converted into the lead 
salt. The lead salt was treated in the usual way. It was con- 
verted into the sodium salt for the analysis of conjugated sulfuric 
acid. For the isolation of the sugar it was hydrolyzed directly. 

THB JOURNAL OP BIOLOGICAL CHKMI8TBY, VOL. XXXVI, NO. 1 
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Analysis of the Sodium Sail. 

0.1903 gm. substance required for neutralization 7.69 cc. 0.1 n acid. 
0.2856 ** ** gave 0.0950 gm. BaS04. 

0.0986 « “ “ 0.1239 gm. COa and 0.0428 gm. HaO. 

Calculated for 

CseH 440 s»N 3 S 3 Bas: Found: 

C 27.8 34.27 

H 3.48 4.86 

N 2.32 5.66 

S 5.30 4.57 

Ba 22.70 23.83 


halation of the Sugar. — 12.0 gm. of the lead salt with 2 gm. 
stannous chloride, 2 gm. of barium chloride, and 60 gm. of 
20 per cent hydrochloric acid were heated with reflux condenser 
10 hours over free flame. The reaction product was freed from 
lead, tin, and barium, and then concentrated to syrup. This 
was dissolved in a minimal amount of hot methyl alcohol. Soon 
crystals appeared which had the typical appearance of chitosa- 
mine. These were filtered off and the mother liquor allowed to 
stand, from time to time a few drops of ether were added. At the 
end of a week the maximum amount of chondrosamine hydro- 
chloride settled out. The best yield for 1 kg. was 0.5 gm. of the 
sugar. 

The melting point of this was 182° (corrected). The analysis 
of the substance was as follows: 


0.020 grn. substance gave 2.39 cc. of nitrogen gas at 19°C. and 745 mm. 
pressure, 

0.0523 gm. substance required for titration of the hydrochloric acid 2.39 
cc. of AgNOs (1 cc. = 0.003546 gm.). 

0.1036 gm. substance gave 0.1224 gm. CO 2 and 0.0602 gm. H 2 O. 


C. 

H. 

N. 

Cl 


Cnloulated for 
CeliisOiNflCl: 

Found; 

. 33.40 

33.18 

6.54 

6.90 

. 6.57 

6.38 

. 16.45 

16.20 


The rotation of the substance was the following: 




Initial. Equilibrium. 

1 X 0.0610 IX 0.0510 
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Group II A. 

Funis Mudn, 

Preparation of Mucoitin Sulfuric Acid, 

Larger quantities of the material were accessible this year. 
This fact permitted more careful purification. It was observed 
in the course of preparation of this substance that to obtain it 
could not be accomplished satisfactorily by means of dead acetate. 
It is essential to free the cords from all adhering blood clots and 
blood vessels, as otherwise the resulting substance is contami- 
nated with nucleic acid. The separation of the two is very 
troublesome. The purification, however, was accomplished by 
vigorous treatment with glacial acetic acid. The treatment with 
lead acetate is a convenient step in order to free th(^ substance 
from adhering salt as well as from other impurities. 

In removing the lead by means of hydrogen sulfide one has to 
bear in mind the insolubility of the acid in water. Because of 
this, it is necessary to carry out the separation of lead in a 
slightly alkaline solution. 

The details of the process as carried out at present are as fol- 
lows: About 100 cords, freed from blood vessels, either shredded 
or chopped in a hashing machine, are taken up in 0 liters of 72 
per cent of NaOH and allowed to stand 3 days, then acidulated 
and centrifugalized to icmove the precipitate. The sui)ernatasnt 
liquid was comrentrated with an excess of barium carbonate on' a 
water bath. This operation was continued 24 hours and the 
product centrifugalized. The supernatant liquid was allowcnl to 
stand on a hot water bath after a second addition of barium 
• carbonate. Water was added from time to time. The operation 
was continued about 2, days. The resulting material was then 
centrifugalized, and the supernatant liquid allowed to stand until 
part of the barium acetate had crystallized out. The material 
was again centrifugalized and the clear supernatant solution pre- 
cipitated with glacial acetic acid. The precipitate was redis- 
solved in water on addition of barium acetate; the substance 
was reprecipitated out of this solution with glacial acetic acid. 
The crude material was washed with 95 per cent alcohol to re- 
move the excess of acetic acid. The material was dissolved in 
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water, and the solution was neutralized with a solution of barium 
hydroxide until it reacted neutral to litmus. 

To the final solution enough 95 per cent alcohol w^as added to 
precipitate the crude barium salt. This was washed first with 
50 per cent alcohol to remove adhering barium acetate, then with 
alcohol of increasing concentration and finally with 99.5 per cent 
alcohol and with ether. The final product analyzed as follows: 

0.1 (KK) gm. substance required for neutralization 2.88 0.1 n acid. 


0.2000 “ ** gave on fusion 0.0592 gin. BaSO^. 

0.0936 “ combustion 0.0450 gm. H 2 O and 0.1146 gm. 

CO 2 . 

Calculated for 

CasII nO'j^NsStBaa : Found ; 

C 27.8 33.39 

11 3.48 5.38 

N 2.32 4.03 

S 5.30 4.07 


The optical rotation of the substance was as follows: 


[a] 


D 


- 0..50 X 5.0641 
™ i X 0.0555 


- 45.6° 


Preparation of Mucosin , — An attempt was made to prepare 
mucosin under the same conditions of hydrolysis as employed for 
preparation of chondrofein. However, the largest part of the 
substance underwent complete hydrolysis, with the formation of 
free chitosamine, which was identified in the usual way. It was 
found subsequently, that a substance analogous to chondrosin 
could be obtained under the following conditions. 

4.5 gm. of the barium salt were dissolved in 100 cc. of 10 per 
cent hydrochloric acid and heated on a watei- bath for i hour. 
The solution then contained all its nitrogen in form of uncom- 
bined amino nitrogen, and showed a reduction of Fehling^s solu- 
tion equivalent to 1.12 gm. of glucose; the theory requires 1.26 
gm. The solution was freed quantitatively from barium, concen- 
trated to 3 cc. under diminished pressure at a temperature of 
water bath not exceeding 45°. These were then gradually poured 
into 200 cc. of alcohol, to which 400 cc. of dry ether had been 
added. A white flocculent precipitate then formed. It w^as 
allowed to stand over night, then filtered, and dried. The yield 
was 1.5 gm. 
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0.0188 gm. substance gave in the Van Slyko micro-apparatus 1 cc. N 
at 27° and 759.3 mm. pressure. 

0,0918 gm. substance gave 0.1288 gm. CO 2 and 0.0476 gin. IIjO. 


Calculuted for 

Ci2H2.()iiN.IIC 1: Found: 


C 36.9 38.25 

H 5.64 5.8 

NH 2 N 3.58 3.24 


. -,20 + 0.66 X 2.0287 , 


Later it was found possible to prepare niueosin by liydrolyzing 
the barium salt for | hour on a water bath in an aqui'ous solution 
of 1 })er pent sulfuric acid. The excess of iicid was then rcmoviHl 
by means of barium liAalroxide and the filtrate concimtrated. 


Identification of (Hucuronic Acid, 

''Fhe iirossure of glucuronic acid was demonstrated by the for- 
mation of furfural <.)n distillation of the mucoitiii sulfuric acid with 
hydrochloric acid, by tht^ phenylhydrazine derivative of glucu- 
ronic acid aft.(H’ the hydrol 3 ^sLs of inucosin with sodium amalgam, 
and finally by the isolation of the acid potassium salt of sac- 
charic a(;i(l on oxidation of rnucosin with nitric acid. 

The estimation of the yield of phloroglucide of furfural also 
permitted an approximate estimate of the proportion of glinai- 
ronic in the molecule of the mucoitin sulfuric acid. 

DintillaUon with Hydrochloric Acid. —\.o gm. of barium salt 
were distilled over flame in 250 cc. of HC'l (specififj gravity 1 .00) 
until the distillate no longer gave a test with alkaline acetate. 
To the distillate 0.3 gm. of phloroglucide was added arid solution 
allowed to stand over night. The phloroglucane was filter(Ki 
over a CJooch crucible. Yield was 0.0870 gm., which (jorrespoiids 
to 0.2010 gm. of glucuronic acid. The tffeory requires 0.5000 gm. 

Hydrolysis by Means of xSodium. Amalgam,, — 3.5 gm. of rnucosin 
hydrochloride were dissolved in 50 cc*, and 150 gm. of 2 per-^cent 
sodium amalgam were added in 25 gm. lots. After each addition 
the solution was neutralized with sulfuric acid. After the last 
portion of amalgam had been added the flask was placed in shak- 
ing machine for 5 hours and then allowed to stand over night. 
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The following day the solution was filtered and neutralized with 
sulfuric acid. 5 gin. of phenylhydrazine dissolved in 5 cc. of 
glacial acetic acid were then added and the solution was warmed 
on a boiling water bath for 30 minutes with reflux. On cooling 
over night a crystalline deposit formed. This was filtered, sus- 
pended in water, again filtered, and suspended in 99.5 per cent 
alcohol, filtered, and dried in a vacuum desiccator over sulfuric 
aci5. 

The melting point of the substance was 125°C. and decomposi- 
tion with effervescence took place at 132®C. (corrected). A 
sample prepared from chondrosin had exactly the same melting 
point. In the communication of Levene and LaForge the melt- 
ing point was given at 115°. The manner of purification of the 
substance as carried out at the later date was more rigorous, and 
the melting point of 125°C. with decomposition at 132° is to lie 
regarded as the correct one. 


0.0632 gm. substance gave on combustion 9.4 cc. nitrogen at 28®(’. ami 
767.5 mm. pressure. 

Calculated for 

C«n 1 .6 H tO : Found : 

N 17.17 10.92 


Oxidation with Nitric Add , — 10 gm. of mucosin hydrochloride 
were dissolved in 10 cc. of distilled water to which 10 cc. of nitric 
acid (specific gravity 1.40) were added, and the solution was heated 
over free flame until the evolution of nitrous acid fumes became 
very lively. The solution was immediately transferred to a 
clock glass and evaporated with constant stirring. The subse- 
quent treatment was as usual. The final solution w^as made up 
to 10 cc. Of these 1 cc. wfis used as control, and 9 cc. were 
allowed to digest with 2 cc. of a 50 per cent solution of potassium 
hydroxide on a boiling water bath for 2 hours. The solution was 
then made acid with aceiic acid and the acid potassium salt was 
allowed to crystallize. The crude salt on fractionation out of 
wate^ yielded a sample of the salt which analyzed as follows: 


0.100 gm. salt gave 0.0356 gm. K 28 O 4 . 
K 


Calculated for 
C<iH.07K; 

15.70 


Found: 

15.95 
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Estimation and Identification of Acetic Add. 

These experiments aimed to establish the number of acyl 
groups in the molecule, and to identify the character of the acyl 
groups. 

Quantitative Estimation of Acetic Add . — 2 grn. of the barium 
salt of nuK^oitin sulfuric acid were dissolved in 200 cc. of water 
containing 15 grn. of barium hydroxide and hydrolyzed on a, 
water bath for 5 hours. The product of the reaction was rendered 
acid to Congo red by means of sulfuric aiud and filtered . The solu« 
tion was then distilled guarding the original volume (000 cc.). 
The distillate was received in a measured volume of 0.1 n sodium 
hydroxide: 111 .3 cc. of 0. 1 n alkali were neutralized by the distillate. 
Calculated for acetic acid the yield was 0.1878 gm. The theory 
for one acetyl group requires 0.1944 gm. 

Identification of Acetic Add . — The entire distillate was concen- 
trated under diminished pressure to 8 cc., rendered a(dd with sul- 
furic acid, and extracted with ether. To the ethereal extract a 
few drops of aqueous ammonia were added and the ether was 
allowed to evaporate spontaneously. The residue v^^s converted 
into the silver salt. 

0.1052 gm. dry substiincc gave 0.0681 gm. Ag. 

Ciiioulatod for 
CtlljOjAg; Found: 

Ag 04.26 64.73 

Humor Vitreous Mucoid. 

Preparation of Mucoitin Sulfuric Add. 

To humor vitreous of 1,000 eyes enough of a 50 per cent sodium 
hydroxide solution was added to make the concentration of alkali 
3 per cent. The material was allowed to stand 3 days ; it was then 
acidulated and concentrated on a water bath after addition of an 
excess of barium carbonate. The final product was filtered on suc- 
tion. To the filtrate enough of basic lead acetate solution was 
added to precipitate all of the acid. The crude lead salt was 
washed by decantation, then filtered and the precipitate was 
washed once with glacial acetic acid. The precipitate was then 
filtered and washed with alcohol. After this the substance was 
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taken up in water and the mixture rendered slightly alkaline by 
moans of a solution of potassium hydroxide and the lead salt 
was decomposed by hydrogen sulfide. From the filtrate hydro- 
gen sulfide was removed by aeration and the solution was 
poured into 2 liters of alcohol. A precipitate thus formed was 
washed with alcohol and ether. I'lie substance analyzed as 
follows : 

O.KXK) gm. substance required for neutralization 3,54 cc. 0.1 n acid. • 

0.2000 “ gave 0.0528 gm. BaS 04 . 

0.0958 “ Ba salt of the substance gave 0.1208 gm. CO 2 and 0.0490 gm. 


H 2 O. 

Calculated for 

C:Rff44(>3»N3StBa2: found: 

C 27.8 34.30 

H 3.48 5.72 

N 2.32 . 4.96 

S 5.3 3.03 

Base ' 22.7 21.5 


Nature of the Ammo Ilexose . — (> gm. of the substancf^ were dis- 
solved in 30 c<\ of 20 per cent If Cl -f 1 gm. of stannous (diloride + 
1 gm. of barium chloride heated with reflux condenser 8 hours 
over a Babo funnel. The solution was filtered, decomposcHi with 
hydrogen sulfide, and freed from barium quantitatively. The 
final solution was conpentrated under tliminished pressure to 
about 5 (?c. The sugar liegan to crystallize in the distilling flask. 
The entire residue was taken up in methyl alcohol and allowed to 
(jrystallize at room temperature. The yield of the sulistance 
was 1.0 gm. 

0.03018 gill, substance gave 3.47 co. N at lO^C. and 745 inrn. pressure. 

Calciilrited for 

CoHiaUsN . HCl: Found: 

N 6.51 6.45 


The rotation of the substance was the following: 


w:= 


Initial. 

+ 4.60X2.1248 

1 X o.iolo X r.ooTs 


== + 90.77^ 


Equilibrium. 

.3.43 X 2.1248 

• «+ 72.15'" 


1 X 0.1010 X 1.0018 


Furfural Distillation. — 1.5 gm. of the barium salt were dis- 
tilled with 250 cc. of HCl (1.06) so long as distillate showed the 
presence of furfural. Further treatment was carried out as 
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above, and 0.3 gm. of phlorof^lucine was addeil. The yield was 
O.llOo gm., which corresponds to 0.3495 gni. of j^lucuronic acid. 
The theory required 0.500 grn. 

Cornea Mucoid. 

Preparation of Mucoitin Sulfuric Acid. 

The corneas of 1,000 beef eyes w(ire iii(?(*hanically separak‘cl 
from the sclera and placed in 1,500 cc. of a 3 p(‘r (^ent sodium 
hydroxide solution and allowed to stand 3 days, then strained 
through (‘hee>se-cloth and acidulated witli acadie acid Haiium 
carbonate was addetl in excess and all comamtratt'd on a watca* 
bath to a thick syrupy ma.ss containing the coagulated protean 
and the barium carbonate. 

The mass was filtered on suction, and to the filtrates sufficient 
lead carbonate was added to precipitate all 1h(‘ acid. The puri- 
fication of the lead salt was carried out in the manner described 
above. Tlie final substance had the following composition. 

O.l(KX) gin. substance required for neutralization 2.42 cc. O.l n acid. 

0.2(KK) “ gave 0.0:33() gin. BaSO^. 

A st^cond precipitate was propaied as follows: The corneas were 
treated with alkali in the same maimer as in the formei* expeii- * 
ment. The acidulated solution was concentrated in the pres- 
ence of barium carbonate, and the filtrate poured into an excess of 
glacial aceti(^ acid. The precipitate was washed repeatedly with 
glacial acetic acid, then with alcohol. Th(‘ dry substance was 
then redissolvcd in a little water with the aid of potassium hy- 
droxide. The solution was poured into a large excess of 99.5 
per cent alcohol. The potassium salt obtained in this manner 
was dried and analyzed. 

0.200 gm. substance required for neutralization G.90 cc. 0.1 n acid. 

0.200 “ “ gave on fusion 0.0452 gm. B!iS04. 

0.0950 potassium salt substance gave 0.1318 gm. CO 2 and 0.052S 
gm. H 2 O. 

Cfdoulated for Found: 

CoHuUuNrHrBn:: I II 


C 27.8 37.83 

H 3.48 6.32 

N 2.32 3.93 4.62 

S 6.30 2.27 3.10 

Base 22.70 14.74 
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Hydrolysis of the Substance for Amino-Hexose. — i.5 gin. of the 
substance were hydrolyzed in 60 oc. of 20 per cent hydrochloric 
acid, together with 1 gm. of barium chloride and 1 gm. of stan- 
nous chloride, and the solution was heated with reflux condenser 
for 12 hours over a Babo funnel. The solution as usual turned 
dark brown. It was diluted with an equal volume of water and 
was then freed from tin by means of hydrogen sulfide, and from 
barium by means of sulfuric acid. The solution was concenr 
trated to a thick syrup. Glucosamine crystallized in the distilling 
flask. It was taken up in methyl alcohol and kept at room tem- 
perature in order to complete crystallization. The yield was 
0.520 gm. The appearance of the crystals under the microscope 
was typical for glucosamine. The substance turned brown at 
about 200®C. and turned black at 22{fC. It did not melt. 0.020 
gm. of the substance gave in the Van Slyke apparatus 2.41 cc. of 
nitrogen gas at 27°C. and 756.8 mm. pressure. 


N. 


Calculat ed for 
CaimOiN HCl: 




Found: 

0.80 


The substance had the following rotation : 




Initial. 

+ 2.27 X 2.039Q 
1 X 0.0485 


= + 95.43° 


Equilibrium. 
+ 1.71 X 2.0300 


1 X 0.485 


+ 71.89° 


Group II B. 

Mucin of the Gastric Mucosa. 

Preparation of Mucoitin Sulfuric Add. 

Mucus was removed from the gastric wall mechanically and a 
concentrated solution of barium hydroxide was added to make the 
•total solution contain 3 per cent of the hydroxide. The solution 
was allowed to stand 3 days at room temperature. At the end 
of this time the solution was rendered acid to Congo red by means 
of sulfuric acid, then centrifugalized. The supernatant liquid 
was neutralized with a solution of barium hydroxide until neutral 
to Congo red, but still acid to litmus, and finally neutralized to 
litmus by means of barium carbonate, then boiled for about 3 
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hours, and filtered. To the filtrate again barium carbonate was 
added and the mixture was allowed to stand on a water bath 
from 2 to 3 days until a sample of the filtrate showed a negative 
biuret test. This was centrifugalized and the supernatant liquid 
precipitated by means of glacial acetic acid. The precipitate 
was redissolved in water and reprecipitated by means of glacial 
acetic acid. The precipitate thus fonned was repeatedly washed 
with 95 per cent alcohol until most of the glacial acetic acid was 
removed. This material was then dissolved in a minimum 
amount of water, the solution was exactly neutralized with a solu- 
tion of barium hydroxide, and the barium salt of mucoitin sul- 
furic acid precipitated by means of alcohol. The crude salt was 
repeatedly wjish(‘.d with a 50 per cent solution of alcohol until 
most of the inorganic impurities w^cre removed, then with alcohol 
of progressively increasing concentration. This salt was a mix- 
ture of mucoitin sulfuric and nucleic^ acid. To separate the 
two the mixture was taken up in water and centrifugalized. 
The salt of the nucleic acid, being insoluble, was removed in 
this manner. To (jomplete separation it was necessary to repeat 
the operation several times. Finally the clear solution was 
poured into an excess of alcohol giving a precipitate of the barium 
salt of the mucoitin sulfuric acid. A sample of the material pre- 
pared in this manner had the following composition. 


0.1000 gm. substance required for neutralization 2.48 cc. 0.1 n acid. 


0.1500 “ gave 0.0162 gm. BaStX. 

Calculated for 

CMH 440 »Ns.SiBai: Found: 

N 2.32 3.47 

S 5.30 1.48 



- 0.19 X 5.3035 
1 X 0.0447 


- 22.54® 


Preparation of Mucodn , — For the preparation of mucosin 14.0 
gm. of the barium salt were dissolved^n 100 cc. of water and 15 
of concentrated hydrochloric acid, and allowed to stand on the 
bailing water bath 20 minutes. The solution was concentrated 
under diminished pressure (the temperature of the bath not ex- 
ceeding 40®C.) to a volume of 5 cc. The solution was poured 
into a solution of 1 liter each of 99.5 per cent alcohol and ether. 
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A precipitate formed which was removed by filtration. The pre~ 
cipitate was then dissolved in about 3 cc. of water and precipi- 
tated by 400 cc. of 99. t5 per cent alcohol# To filtrate, an equal 
volume of ether was added and thus a second precipitate was 
formed which reduced Fehling’s solution, but was not yet free 
from mucoitin. 

0.010 gm. in (he Vnn Slyko apparatus gave 0.3S cc. nitrogen at 22° /ind 
758.7 mm. j>ressurc. 

C Calculated for 

CisHj.OjiNUCI: Found: 

NHr-N 3.58 2.12 


The optical rotation of the substance was as follows: 


J" IX 0.052'. ^ ■ 


Glucuronic Acid . — The presence of glucuronic acid was demon- 
strated by furfural distillation. 1.0005 gm. were distilled with 
250 cc. of hydrochloric acid (specific gravity 1.00). ITo yield of 
phloroglucine was 0.0440 gm. The theory requires 0.100 gm. 

Hydrolysis by Sodium Amalgam.— 1 gm. of mm^osin pref)ared 
as above were dissolved in 100 cc. of water and 200 gm. of a 2 
per cent amalgam were 'added in portions of 25 gm. at intm-vals. 
The entire operation lasted 24 hours. Before each new addition 
of amalgam the solution was neutralized with sulfuritr acid. Tlio 
final product was separated from mer(uiry and filtered. To this 
solution were added 7 cc. of phenylhydrazine dissolved in 7 cc. 
of glacial acetic acid, and the entire solution was allowed to 
stand for 30 minxites with reflux on a boiling water bath. The 
reaction product was filtered from tar ami allowed to stand at 
0°C. over night. A small crystalline deposit formed. There 
was not sufficient material for purification or analysis. 

Acetyl Estimation . — 2 gm, of the barium salt were, with 300 cc. 
of water and 15 gm. of barfiim hydroxide, allowed to hydrolyze 5 
hours, then neutralized, and the acetic acid was distilled into a 0.1 
N solution of sodium hydroxide. The acid neutralized 26 cc. of tfie 
0.1 N alkali, which corresponds to 0.156 gm. of acetic acid. The 
theory for one acetyl group requires 0.194 gm. The distillate was 
concentrated to very small volume. This was acidulated with 
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sulfuric acid and extracted with ether. From this the silver salt 
was obtained. It anaylzed as follows: 

0.1032 gm. substance gave 0.0662 gin. Ag. 

Calculated for 

("ainOaAg: Found: 

Ag 04.14 64.20 


Sarum M ucoid. 

Preparation of Mucoitin Sulfuric Acid. 

Tlie imicoilin sulfuric acid from this mucoid was prepared on 
one occasion by treatment of the entire serum, and on the other, 
by treatment of tln^ profein obtained from the scrum on coagula- 
tion })y boiling. 

The first sample was prepared in the following way. To 12.5 
liters of the serum a 50 jier cent solution of NaOH was added 
until the solution contained 3 per cent of alkali. It was allowed 
to stand 3 days at then rendered acid by means of acetic 

acid, and concentrated on a water bath in j)res(‘Jice of excess of 
BaC^b. The filtrate was converted into the lead salt. This was 
treated with glacial acetic acid, dried with alcohol, freed from 
lead, and again reprecipitated with lead acetate. The lead salt 
was repeatedly waslunl in a mortar with glacial acetic acid. 
Finall^'^ it was washed with alcohol and dried. The yield of the 
dry substance was 14.0 gm. The substance contained 5.10 per 
cent nitrogen. This sample was used for hydrolysis. 

The se(^ond sample^ was prepai*ed from the coagulum obtained 
from 12.5 liters of be(4’ serum. The process of preparation was 
exactly as in the above experiment. TJie lead salt was con- 
verted into the bariimi salt. The lead salt was suspended in 
water, and excess of barium carbonate was added, and hydrogen 
sulfide gas passed until all lead separated out. From the filtrate 
the hydrogen sulfide was n^rnoved by aeration. The solution was 
finally precipitated by means of 99.5 per cent alcohol. The pre- 
cipitate was then dissolved in a little water and the mixture was 
centrifugalized to remove all insoluble Ba salts. This operation 
was repeated several times. Finally the solution was precipi- 
tated by means of 99.5 per cent alcohol. This substance was 
dried and yielded 1.5 gm. Analysis gave the following values. 
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0.1000 gm. substance required for neutralization 3.75 cc, 0.1 n acid. 
0.1961 ** ** gave on fusion 0.0279 gm. BaS 04 . 

0.1008 ** ** ** combustion 0.1098 gm, CO 2 and 0.0400 

gm. HjO. 

0.1961 gm. substance treated with sulfuric acid gave 0.0971 gm. BaS 04 . 


Calculated for 

CwH. 40 i.N.S.Ba: . Found: 

C 27.80 29.71 

H 3.48 4.44 

N 2.32 5.25 

S 5.30 1.96 

Ba 22.74 29.14 


13 gm. of the first sample was taken up in 80 cc. of a 20 per 
cent solution of hydrochloric acid. 2 gm. of barium chloride and 
2 gin. of stannous chloride were added. The solution was heated 
with reflux condenser 13 hours. The dark brown solution was 
filtered from melanin and diluted with an equal volume of water. 
The -solution was freed from lead and tin by means of hydrogen 
sulfide and from barium by sulfuric acid. 

The solution was concentrated under diminished pressure 
nearly to dryness. The residue was taken up in methyl alcohol 
and allowed to stand. Typical crystals of glucosamine hydro- 
chloride separated out. 

0.020 gm. in the Van Slyke apparatus gave 2.23 cc. nitrogen at 25®C. and 
759.6 mm. pressure. 

Calculated for 

CUIisOaNHCl; Found: 

N 6.51 6.19 


Initial. 

•f 1.78 X 2.0355 
1 + 0.0405 


+ 89.46° 


Equilibrium. 
+ 1.42 X 2.0355 
1 X 0.0405’^^ " 


+ 71.37° 


The substance began to turn brown at 200''C, and turned black 
at 220*^0. It did not melt. 
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Drying or dehydrating vegetables is one of the many pro- 
cedures advocated for preserving the available perishable food 
supply. The possibilities of conservation by desiccation are 
obvious. However, from a nutritional standpoint we know very 
little about the result of the use of dried foods. Drying on a 
large scale is a comparatively novel procedure in the pi* * * § eservation 
of vegetables for human consumption. Any innovation intro- 
ductid in the preparation or preservation of foods ought to be 
supported by scientific evidence that it ivS physiologically justifi- 
able. Accordingly, we have undertaken a .'-tudy to ascertain 
what effect drying has on the antiscorbutic substance present in 
cabbage — a vegetable to which antiscorbutic properties have 
long been attributed. 

It has been stated^ that dried foods are valuable as an army 
ration, and the claim has been made that soldiers eat them 
without being able to tell by their taste whether the vegetables 
have been dried first. One of us has reported analyses- showing 

* This investigation was made possible by a grant from tho Secssel 
Research F'und. 

t A preliminary report of this work was made at the meeting of the 
Society for Experimental Biology and Medicine, May 15, 1918. 
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versity. 

^ Miirlin, J. R., Science, 1918, xlvii, 495. 

® Givens, M. H., J. Am. Med. Asm., 1918, Ixx, 1743. 
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the concentration in nitrogen and calcium in certain dried 
vegetables. 

The antiscorbutic value of dried foods has been studied by 
other investigators. Holst and Frblich"^ found that potatoes, 
carrots, dandelions, and cabbage lost all or the greater part of 
their antiscorbutic property for guinea pigs through long drying. 
It appeared that the dried cabbage retained its prophylactic 
properties longer when kept in an incubator at 37°C. than in the 
open room. This result was attributed to the greater amount of 
moisture in the room. In contrast to the cabbage, the dandelion 
lost its antiscorbutic action immediately after drying. Chick 
and Ilunic^ have reported that: ‘All the dried foodstuffs exam- 
ined, including desiccated vegetables, were more or less deficient 
in the antiscorbutic vitaniine.’^ They do not state wh«at dried 
vegetables were used. According to them, “The temperature at 
which the tissues arc dried seems to be a matter of indifference.^^ 

Holst and Frolich found that fresh vegetables subjected to 
ordinary cooking still retained some of their antiscorbutic prop- 
erty, though often it was diminished to a flight extent. Cook- 
ing cabbage at 110-120®C. destroyed decidedly more of the anti- 
scorbutic property than ordinary cooking. 

To determine whether drying at various temperatures, or first 
cooking and then drying vegetables, destroys the antiscorbutic 
propertie.s of these foods, we have conducted experiments on guinea 
pigs with cabbage and later with potatoes. If drying destroys 
entirely or reduces the antiscorbutic property of a vegetable, it 
ought to be revealed when that dried food is fed to a guinea pig 
which is receiving a diet known to produce scurvy. The results 
are summarized in Table I. 

Drying of Cabbage. 

Cabbage dried at three different ranges of temperature has 
been employed. Lots 1 and 2 were dried at 42-52® C. (“low 
dried^O; Lots 3, 4, and 5 at 38-43®C.; and Lots 6 and 7 at higher 
temperatures described later in detail (^‘high dried'O- 

* Holst, A., and Frolich, T., Z. Hyg., 1912, Ixxii, 1 ; 1913, Ixxv, 334. 

* Chick, H., and Hume, M., Tr. Soc. Trap, Med, and Hyg., 1917, x, 14L 
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In the preparation of the ^^low driecr^ cabba^^e the leaves were 
pulled apart, spread out on cheese-cloth in a wire liasket which 
was elevated over a steam heated radiator. The dry air striking 
the cabbage on the bottom was of a tcariperature of 42-52°C., 
and the air at the top of the layer of cabbage 38~42°(1 This 
procedure was continued for 2 to 4 days until all the cabbage 
was crisp. The water content of the various lots is shown in the 
tabulation below. 

The “high dried” caldiage (Lots 6 and 7) was sj^read out in 
hot air ovens, regulated at 75°C. Of cours(‘, after placing the 
cabbage in the ovens the temperature dropped, in both cases to 
about 30°O. The temperature vras then allowed to rise gradu- 
ally. It had reached 70°(\ in 8 to 10 hours, whereupon it ^vas 
maintained for 2i to 3 hours at 70-78®C. Then the cabbage was 
removed and phu^ed on a wire tray ovei‘ radiators at 05--70°C. 
and the drying complected in the course of the night. This cab- 
bage' diffe'red from the “low dried” in that it was subjected to a 
higher temperature and to more moist heat. The heating in 
the oven darkened markedly some of the material, indicating 
caranK'lijiation of the sugar. 

The “low dried” cabbage w^as ke()t in cotton gauze bags hang- 
ing in op(*n rooms. It took up a slight amount of moisture in 
time as indicated by its slight loss in crispness. Unless other- 
wise noted this cabbag(‘ was fed as such in 1 gm. portions. 

The “high dihnl” cabbage, ground, mixed in with the rest of 
the food in the proportion of I gin. per guinea pig per day, and 
the wdiole mixture dried as later described, was fed in this 
manner. 


Temperature of Drying and Water Content of the Sampler. 


(Jabbage. 

Temperature of 
drying. 

IjOt. 

Raw weight. 

Dry weight. 

Water (*ontent. 


gm. 

gm. 

per rent 

“r. 

1 

2,855 

235.0 

91.8 

43-53 

2 

1,650 

139.1 ! 

91.6 

42->52 

3 

3,618 

271.3 ! 

92.5 

38-43 

4 

3,287 

279.0 

91.5 

38 - 4.3 

5 

3,505 

348.5 

90.1 

38-43 

6 

2,980 

261.2 

91.2 

65-73 

7 

2,630 

232.6 

91.2 

65-78 
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Cornposifion and Preparation of the Diets. 

The diets contained soy bean flour, milk, yeast, paper pulp, 
sodium chloride, and calcium lactate. When *Tiigh dried’’ or 
cooked calibage ot’ cooked ])otato was used it was incorpo- 
rated w^ith the emtire food mixture. 

The soy flour was prepared for us’'^ from impressed and un- 
heated soy beans. We heated the flour in an autoclave for, 30 
minutes at 20 pounds pressure. This procedure was necessary 
because the animals refused to eat the raw^ flour quantitatively. 
The heating markedly improved the palatability of the material, 
so that th(^ flour thus prepared was eaten greedily by the animals. 

Whole milk of high quality, containing 4 to 4.25 per cent fat, 
was fed. Yeast frqrn a brew'cry was dried on steam heated radia- 
tors. The paper pulp w^as prepared from a ch(‘ap grade of filtta* 
paper purified by boiling for several hours in caustic soda, wash- 
ing, boiling several hours in dilute hydrochloiic aciid, and wash- 
ing free of acid. The sodium chloride and calcium lactate ivere 
pure. 

The cooked cabbage w^as prepared by boiling finely minced 
cabbage in w^ater for 30 minutes. The water in which the cab- 
bage w^Ms cooked was added with the cabbage to t he food mixture. 
This cooked cabbage was fed to each guinea pig in an amount 
equivalent to 10 gin. of raw^ cabbage per day. The cooked pota-* 
toes WTre prepared liy peeling, chopjnng finely, and boiling tbem 
in water for 30 minutes. The water in which the potatoes were 
cooked was always, added along with the potatoes to the food 
mixtu e. The potatoes were fed in an amount equivalent to 5 
gm. of T*aw potatoes per animal per day. 

The food was prepared by intimately mixing all components 
and drying the entire mass for 2 days on radiators at 65-70®C. 
The dried cake thus received was weighed and the same definite 
p oportionate amount each time allotted to each animal. When 
the “high dried” cabbage or cooked cabbage or cooked potatoes 
were used they w^ere incjorporated with the other food components 
and the mixture was dried on radiators as above. 

* 

^ Our thanks are due Dr. J. H. Kellogg and Mr. M. F. Deining for the 
soy flour used in these experiments. 
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Judging by the water content of the cabbage and tJie potatoes, 
both were fed in all experiments in an amount corresponding to 
approximately 1 gm. of dry material per guinea pig per day. 

ProportionH of Dried Solida of the Diet. 


ptr r,fni 

Soy flour 76.3 

Milk solids 11.4 

Yeast, dried 2.9 

Papor 2.9 

Oaloiuiu 2.9 

Sodium chloride 2.9 


100.0 

The a(d.uol intake pen* animal pc:* day of the various coinjx)- 
nents of tlie diet was approximately: 


Soy Hour 

Milk, whole 

Dried yoasl , ... 

Paper 

Calcium lact;de. 
Sodium chloride 


n.l gm. 
14.0 cc. 
0.41 gm. 
1.1 “ 
0.44 “ 
0.44 “ 


Tt ivS a valid (‘riticisni of the usual scurvy-producing diets that 
they are defi(‘ient in other qualities as well as lacking in an anti- 
scorl)utic property. The special soy bean mixturC* used in the 
following expeririKuits contained protein adc'quate for mainte- 
nance and growth, a suflicient quantity of necessary inorganic 
salts, piesumaldy liberal amounts of fat-solublo and water- 
soluble vitamines, and some ** roughage” in the form of paper 
pulp to promote the ready elimination of the feces. 

Behavior of Rats on the Soy Bean Diets Used. 

McCollum and Pitz’' have emphasized the fact that the diet 
which produces scurvy in the guinea pig may l>e adequate in 
all rCvSpccXs for the rat. To determine whether this was the 
case with our special soy bean diet alone (ix. without the addi- 
tion of dried vegetables), it was fed ad libiium to six rats for a 

® Cohen, B., Proc, Soc. Exp. Biol, and Med., J917--18, xv, 102. 

f McCollum, E, V., and Pitz, W., J. Biol. Ckem., 1917, xxxi, 229. 
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period of more than 12 weeks. During that time these animals 
gained in weight, substantially at the same rate as the average 
noimal rats of Osborne and Mendel.* 

One female in this series gave birth to two apparently nor- 
mal litters of four and six respectively. These young, however, 
did not survive longer than 3 days. Circumstances did not 
permit us to make proper provision for the care of them, and we 
are, therefore, unable to say whether their failure to survive was 
directly due to the diet of the mother or to inadequate care. 
Hbwever, our results indicate that this special soy bean diet is 
adequate for maintenance and growdh of rats for a period fully 
six times as long as that in which the guinea pig develops symp- 
toms of nutritional failure in the form of scurvy. 

General Procedure^ and Methods. 

The animals were mainly young or half grown, but there w(‘re 
also a few full grown ones. The}" were observed for a week or 
more before being started on a diet and were in good health at 
the beginning of these experiments. Two animals were placed 
in each metal cage, whi(;h was cleaned daily; as facilities per- 
mitted they were shifted so as to have a cage for each one. The 
animals were weighed on alternate days or oftener when it was 
deemed necessary. Once a day weighed amounts of food were 
placed in the cages. Distilled water was supplied ad libitum. 
During the experiments the animals were examined regularly 
to note the first appearance of tin? specific symptoms of scurvy 
later referred to. They were always present in animals wdiich 
at autopsy showed the lesions of scurvy. 

Necropsies were performed as soon after death as possible. 
When an animal seemed to be dying, it was chloroformed and 
autopsied at once. Special attention was diiected to the appear- 
ance and condition of the mouth and bones for the usually ac- 
cepted signs of this disease in the guinea pig. ** These signs were 
hemorrhage and fragility of the bones of the extremities as well 
as loosening of the teeth. W^e did not obseiwe hemorrhages in 

* Osborne, T. B., and Mendel, L. B., Carnegie Institution of Washington^ 
PMication 1$6, 1911. 

, • Jackson, L., and Moore, J. J., J. Infect. Pis.y 1916, xix, 478. 
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the gums, though they were sometimes hyperemic in appearance. 
Spontaneous fractures of the wrists or ankle joints were fre- 
quently encountered. In our scorbutic animals the hemorrhages 
were subperiosteal, intramuscular, and subcutaneous in their 
order of decreasing frequency. The viscera were often con- 
gested and sometimes hemorrhagic, but there was rarely any im- 
paction of feces such as would be associated with constipation. 

Animals which died but did not reveal the above picture at 
necropsy were not classed iis scorbutic. It might also be added 
that such animals did not exhibit tenderness of the joints during 
life. 


KESULTS. 

Control Expen’ments. 

» 

Group r represents a control experiment to show the effect of 
feeding the soy bean mixture without the addition of vegetables 
in any form. The animals in this series were nearly all mature 
which accounts for the somewhat deferred appearance of the first 
symptoms of scurv'y. The average time of onset for half grown 
animals is about l(> days, while in this group it was 21 days. 
A typical curve ((luinea Pig 122) of Ixxly weight representative 
of this series is shown in Chart 1. It will be seen that feeding 
th<‘ soy mixture alone results in early onset of symptoms of scurvy 
succi^eded by a decline leading to death unless, as proven else- 
where, ,suitable clianges in the <Hetary are adopted. 

Experiments with Various Vegetables. 

Group / demonstrates the effect of a limited amount of raw 
cahl.)age (10 gm. daily) added to the soy bean diet. One animal 
in this series died of pneumonia on the 47th day. The rest con- 
tinued in ^ood health until the end of the expej’iment (81 days). 
One of the latter was anesthetized and revealed at autopsy no 
sign of scurvy. The curve of body weight of Animal 105, Ohart 
I, is typical. This ex|H?rimeut demonstrates the antiscorl>utie 
quality of raw cabbage. For the sake of completeness, we might 
also add that' not only will raw cabbage, like orange juice, pre- 
vent scurvy of the guinea pig under these conditions but it will 
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Changed to 1 gm. of “high dried” cabbage 
daily on 16th day; 2 gm. daily “high 
dried” cabbage on 17th day; 5 cc. of orange 
juice daily on 18th day. 

See chart. 

Changed to 2 gm. of “high dried” cabbage 
and 5 cc. of orange juice daily on 18th 
day. Off orange juice on 22nd day. 
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also initiate a prompt recovery when added before irreparable 
damage has been done to the animal. 

Group III is a series of experiments carried out to demon- 
strate whether or not cabbage dried at a comparatively high 
temperature still retains its antiscorl>utic property. Our product 
did not delay nor prevent the onset of s^\Tnptoms of scurvy, nor 
did it tend to ameliorate the scorbutic condition of the guinea 
pigs. For example, Animal 117, Chart I, is typical of the result 
of the use of ^^high dried” cabbage. If other measures were 
instituted in an attempt to save the animals, it is noted in the 
remarks’^ column of the table. 

Group IV represents a set of animals to which cabbage, sub- 
jected to ordinary cooking and then drying at a high tempera- 
ture with the rest of the dietar.v components was fed. It will 
be seen from the table and the chart that this treatment of the 
vegetable yielded unfavorable results similar to drying the (cab- 
bage at a high temperature. Animal 125 is a typical example. 
Even feeding a double tuiioiint of the cooked cabbage^ was without 
any favorable effect. 

Group II represents a series of (experiments to det<Tniine 
whether a vegetable dried at a low temperature still retains its 
antiscorbutic property. The feeding of the ^*low dried” cabbage 
as a preventive measure delayed somewhat the appearance of 
symptoms in all the animals. The life of those guinea pigs, 
which ate the cabbage was markedly kmgthened and death 
(correspondingly delayed. When the animals refused to eat the 
dried cabbage death soon intervened. Of course in the <^aso of 
the two animals in which death occurred from othei* causes, no 
comparisons are pc^rmissible. Tlie value of th(‘ ^Tow dried” 
cabbage as a preventive is demonstrated by Guinea Pig 110, 
and by Guinea Pig 112, Chart I, which lived to 59 and 78 days 
respectively, death in the former being due to pneumonia and in 
the latter to scurvy because of a refusal to eat the cabbage. 

Group VII clearly shows that the cabbage dried at a high 
temperature was without any favorable influence whatsoever 
As a curative agent it apparently had no effect (Guinea Pig 141, 
Chart I). 

Group VIII demonstrates that cabbage cooked and then dried 
is of no value as an antiscorbutic agent. The data do not war- 
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Chart 1. Typical curves of body weights in the various experiments. 

The curve of Guinea Pig 135 (Group VI ) is moved 60 gra. above actual weights to keep it from crossing the other 
curves. 
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rant any assumption relative to the influence of the cooking 
prior to tlie drying? with the whole food mixture' (Guinea Pig I47t 
Chart I). 

(h'oxip IX is a series of experiments in whieh guinea pigs 
were fed potatoes first eookod and then dried with the rest of 
the food. This treatment of the food eeii^ainly fiestroyed any 
antiseorbutic property which the potato originally possessed. 
Whether there was not enough of the antiseorbutic. substance 
present in the airioimt of the foo<l fc'd or it was desi roved b}’^ the 
cooking or drying is still to be detennined ((Uiinea Pig 101, 
Chart 1). 

(houp VI demonstrates the effect of the ‘‘low dried cabbage 
upon the course of the disease in animals already having dis- 
tinct clinical s^miptoms of scurvy. In a<ldition to the original 
six animals of this series we have recordvS of eight other animals 
that were transferred from otiuT dif'ts as noted in Ttjbl* I. At 
the end of the experiment (81 days), only one of the original six 
animals had survived. It was aiu^sthotized and at autopsy only 
very slight lesions of s(*urvy wen’ observ(^fl, indicating a recession 
of the marked scorbutic manifestations earlier in the experi- 
ment. The curve of ]) 0 (ly weight of this animal (Guinea Pig 
135) is shown in the (‘hart. Another animal followed a similar 
course, but siiccaimbed to pneumonia. Autopsy in this case also 
revealed old reccaiing lesions of scurvy V>iit not fn^sh ones. The 
curve of this animal ((Juinea Pig 133) is also shown in Chart I. 

Several other animals in this scrit^s were allowed to decliiK^ too 
far before curative measures with “low dried’^ cabbage were 
adopted. These failed to respond and succumbed. The n’st of 
them, i.e, thostJ scorbutic animals that were treated with “low 
dried^^ cabbage in suffi(!ient time, responded by maintaining them- 
selves for comparatively long periods with sonui increa.se in 
weight until for some reason or other they refused to eat the 
cabbage, whereupon they promptly declined. 

A critical review of the results here reported. must take into 
consideration the experimental procedures employed. Two con- 
ditions of heating were concerned in the drying; in the .case 
of the “low dried"' material, dry air; in the case of the ^*high 
dried" and cooked, moist air. We cannot discuss the possible 
influence of aging, as all of our dried products were used in the 
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course of 30 days after their preparation. None of the con- 
tainers in which the food was preserved was air tij 2 ;ht. Conse- 
^ quently they took up a sliglit amount of moisture. Whether or 
not this exerted a deleterious elTe<rt, we can not state. Holst and 
Frolich are of the opinion that Jiioist heat and preservation in 
moist air tend to destroy the antiscorbutic vitamin<.\ 

It is clear that th<^ liean ‘^mixture'” alone as a diet will 
cause th(J appearances of scorbutic symptoms in the guinea pig 
W'ithin 2 or 3 wrecks. We have also seen that supplementing 
this soy mixture with 10 gm. of raw cabhagt^ daily efft'ctively 
prevents the aj)pearaiice of scurvy. This property of raw cab- 
bage is efT(*ctive, as a curative, precivS{>ly as is true of orange 
juice. 

Th(? antiscorbutic property is lost wlaai t.lie cal)bage is cooked 
and drie<i in the manner we have indicated, bi our experi- 
ments there is no sign of any etTe( 5 t on the a{>pearanc(* or course 
of scurvy by tl)c addition of this cooked ca}>bage. A (iouble 
amount w^as eriiially ineflective. As already slated, this r'ooked 
cabbage was subject('d to a mon^ severe treatment with moist 
heat tlian would ordinarily obtain, consequtaUly 'if cannot b(‘ 
maintained tlnit the' mere cooking of cabbage destroys it.s anti- 
scorbutic (jualit}'. 

In the pH'paration of dried potatoes in any form for human 
consumption they are first subjected to cooking or steaming to 
de.stToy the enzymes which (*ause the material to darken. This 
exposes such material to moist heat more than pertains witli 
bthcr vegetables. Our experiments weie planiuxi to 1)0 eompc.ra- 
blo in that we first boiled the potatoes for 30 minute's and tlu'n 
dric<l them with tlie rest of the food at (>5- 70°C. We have not 
ascertained the potency in a quantitative way of potatoes but 
the amount fe<l was equivalent, in terms of dry solids, to the 
amount of cabbage used in the other experiments. The treat- 
ment impos(jfl upon the potatot's in these expt'riments evidently 
destroyed any antiscorbutic substajice in this food. 

It is further obvious from our results tl^at the drying of cab- 
biige at a high temperature (70 -80*^0.) has the effeert of destroying 
its antiscorbutic quality quite as thoroughly as did our cooking 
and drying. TKe ‘^high dried*’ cabbage received a more mod- 
erate heat treatment than did the cooked; yet this low'cr tern- 



144 Antiscorbutic Property of Vegetables 

perature range was sufficient to desli-oy efFeetually the anti* 
scorbutic potency. Holst and Frolich have stated that this 
property is very susceptible to comparatively high temperatures ^ 
with moisture present, — a fact that the foregoing results readily 
confirm. 

However, the “low dried cabbage used in these expc'Timents 
was not devoid of antiscorbutic value. Unless Ksome other dis« 
ease intervened or the animals refused to cat the cabbage', it 
delayed the onset of symptoms and prolonged life. Its action 
was not equivalent to that of the vegetable in the raw state. 
Hen(^e the conclusion seems justified that drying , even at a low 
tempernturey diminishes the antiscorbutic property. Nevertheless, 
the evidence clearly shows that the cabbage dried at the low 
temperature was not completely deprived of its antiscorbutic 
material while that dried at a high temperature w^as. Th(!se ex- 
periments confirm those of Holst and Frdlich and of Chick and 
Hume that dried material may still contain a slight amount of 
antiscorbutic power. However, in so far as our experiments 
were conducted under nion^ refined conditions the}" are more 
specific. 

ft has been stated icfjcatedly by McCollum and Pitz that 
unsatisfactory texture of the diet is the determining factor in 
scurvy of the guinea pig. C'ohen and Mendel*® using a variety 
of diets have shown that roughage as it affects the texture of a 
diet has no influence upon the course of scurvy"; they conclude 
that the texture of a diet jjlays a secondary role, if any, in ex- 
perimental .scurvy. > Our experiments substantiate this tent ion. 
Thus, equivalent amounts of cabbage were fed in the different 
groups. Th(^ only diffeience was in the heat treatment that the 
cabbage received. Yet scurvy could be cured or averted by the 
addition of 10 gm. daily of unheated cabbage, but there was no 
effect upon the symptoms when the same vegetable cooked or 
“high dried,” or even twice the amount, was added. Therefore, 
it is difficult to understand how roughage could be the decisive 
factor in onset of th^ symptoms of the disease. The recent, ex- 

Cohen, B., and Mendel, L. B., Proc. Soc. Exp, Biol, and Med,, May 
15, 1918; J, Biol. Chem.y 1918, xxxv, 425. 
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periments of Hess and linger^* likewise cast doubt upon the role 
played by roughage in experimental scurvy of the guinea pig. 

SUMMARY. 

Experiments have been conducted to determine whether dry- 
ing cabbage at a low temperature (38~52°C.), at a high tem- 
perature (65~-78®C.), or cooking and drying at a high temperature 
(65-70®C.) destroys its antiscorbutic property. Potatoes, cooked 
and dried at a high temfwjrature (65-70®C.), have also been studied. 

A small daily addition of raw cabbage to a scurvy-producing 
diet was found to prevent scurvy in the guinea pig. Cabbage 
dried in a blast of air at J^O-5^C. retained some of its antiscor- 
butic value in that it would considerably delay the onset of 
scorbutic symptoms, thereby prolonging life. Furthermore, it 
could be employed as a dietotherapeutic agent if the signs of 
scurvy were recognized early enough. The course of our experi- 
ments leads us to believe that the 'Mow' dried^’ cabbage will 
prevent scurvy in the guinea pig and initiate recovery from scor- 
butic symptoms, provided that the animal will consmne a diet 
supplement of 1 grn. daily. 

Cabbage heated in an oven for 2 hours at 75-^0® (7., then dried 
at 65-70^C. for several days lost its antiscorbutic power. Cabbage 
cooked for 30 minutes, then subjected to drying for 2 days at 05- 
70^C. exhibited no potency as an antiscorbutic. 

Potatoes cooked and dried for 2 days at 65-70°C., in the amounts 
here used,, possessed no antiscorbutic value. 

These exiKJriments also indicate that roughage is not the de- 
termining factor in the course of scurvy in guinea pigs. They 
also confirm the work of Cohen and Mendel in indicating that 
the antiscorbutic property is not identical with the so called 
fat-^ and water-soluble dietary essentials at present recognized. 

We wish to acknowledge our thanks to Professor Lafayette B, 
Mendel for advice and criticism. 


He»s, A. F., and Unger, L. J., Proc. 3oc. Exp, Biol, and Med., 101 7-18, 
XV, 82. 
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THE COLORIMETRIC ESTIMATION OF CHOLESTEROL 
IN BLOOD, WITH A NOTE ON THE ESTIMATION 
OF COPROSTEROL IN FECES.* 

Bt victor C. MYERS and EMMA L. WARDELL. 

(From the Laboratory of Pathological Chemistry , New York Post-Graduate 
Medical School and Hospital.) 

(Received for publication, August 31, 1918.) 

During the past 6 years a number of different procedures have 
been utilized in the extraction of cholesterol from small quanti- 
ties of blood for its ultimate colorimetric estimation. From the 
multiplicity of methods employed for the extraction process one 
would infer that they were not entirely satisfactory. Since 1913 
a number of these methods have been tried out in our laboratory. 
In connection with a study of the blood lipoids in obesity, car- 
ried out in collaboration with Dr. Kast, it seemed necessary to 
investigate further the question of a suitable cholesterol method. 
For some time now, however, we have employed a comparatively 
simple and very satisfactory method,^ which is described in the 
present paper. 

Grigaut^ was apparently the first to attempt the colorimetric 
estimation of cholesterol, using the Liebermann-Burchard reaction. 
2 years later, Weston* made use of the Salkowski reaction for a 
similar purpose. Since these reactions are very delicate they at 
once afforded a means of estimating the cholesterol in small 
amounts of blood, thus furnishing an impetus to this type of 

•This study was made possible by funds contributed to the Labora- 
tory through Professor Ludwig Kast of the Department of Medicine. 

^ A preliminary report of these observations was presented before the 
Society for Experimental Biolog>' and Medicine, October 17, 1917; see 
Kast, L., Myers, V. C., and Wardell, E. L., Proc. Soc. Exp. Biol, and Med,, 
1917-18, XV, 1. 

* Grigaut, A., Compl. rend. Soc, Mol., 1910, Ixviii, 791, 827; 1911, Ixxi, 513. 

* Weston. P. G., J. Med. Research, 1912, xxvi, 47. Weston, P. G., and 
Kent, G. H., ibid., 531. 
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investigation. Of the two reactions, the Liebemiann-Burchard 
appears to have found somewhat greater favor, although both 
have been extensively employed. In addition to Grigaut and 
We^ston, Autenrieth and Funk/ Henes,® Myers and Gorham/ 
Bloor,^ Csonka,® Gettler and Baker,® Bernhard,^ and others 
have described methods of cholesterol extraction in which these 
color reactions are used. 

In the case of the excellent but laborious gravimetric digitonin 
method of Windaus,^ for the estimation of total cholesterol, 
saponification of the cholesterol esters is necessary, since only 
the free cholesterol is precipitated by the digitonin. Cholesterol 
esters give the color reaction as well as does the fre(? cholesterol. 
This fact does not appear to have been recognized until very 
recently, since the directions for the colorimetric estimation have 
almost invariably called for a preliminary saponification. As 
pointed out by Bloor, this saponification is unnecessary and the 
colorimetric estimation of the cholesterol thus becomes further 
simplified. 

Bloor has suggested a method of extraction for the cholesterol 
which is very simple and would appear to be complete, but the 
results obtained with the method as finally carried out are higher 
than those by the older methods, and rather irregular, owing, 
apparently, to the presence in the extracts used of substances in- 
terfering with the Liebemiann-Burchard color reaction for cho- 
lesterol. Other workers in this field, notably Muelleri* and 
Weston,'® have criticized the high results obtained with the Bloor 
method. They are of the opinion that these results are due in 
part to the admixture of brownish tints frequently obtained in the 
final development of the color. Luden'^ obtained similar high 

* Autenrieth, W., and Funk, A., MUnch. med. Woch., 1913, lx, 1243. 

* Henes, E., Jr., Proc, N. F. Path. Soc., 1913, .xiii, 155. 

•Myers, V. C., and Gorham, F. D., Post-Graduate, 1914, xxix, 938. 
Gorham and Myers, Arch. Int. Med., 1917, xx, 599. 

^ Bloor, W. R., /. Biol. Chem., 1916, xxiv, 227. 

* Csonka, F. A., J. Biol. Chem., 1916, xxiv, 431. 

* Gettler, A. O., and Baker, W., J. Biol. Chem., 1916, xxv, 211. 

*0 Bernhard, A., J. Biol. Chem., 1918, xxxv, 15. 

“ Windaus, A., Z. physiol. Chem., 1910, ixv, 110. 

** Mueller, J. H., J. Biol. Chem., 1916, xxv, 549, 

^ Weston, J. Biol. Chem., 1916-17, xxviii, 383. 

Luden, G., J. Biol. Chem., 1917, xxix, 463, 
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results, but believed that these result/ed (rom a combination of 
bile pigments and bile acids. Her data bearing on this point are 
very interesting. Our own observations regarding the Bloor 
method have likewise led us to the conclusion that its results 
are too high, and Baumann^® has come to similar conclusions. 

A description of the proposed method is given below, together 
with an adaptation to the estimation of coprostorol (?) in feces, 

M ethoda. 

Cholesterol Estimation in Blood, ^ 

1 (*<•• of blood, pIuHma or Kcnim, is pipetted into a ])orcehiin crucible or 
small beaker coiitainmp: 4 to 5 grn. of plaster of Paris, stirred, and dried, 
preferably in a drying oven. It is now emptied into u small extraction 
.sbell !4 cm. long) and then in.«erted in u short test-tube ^2.5 X 6 cm.), in 
the hot loin of which are a number of small holes (Fig. 1 This is now at- 
tached to a large cork on n small reflux eonden-^^er and the tube and eork 
are inserted in the neck of a I'g) cc. extiaetio.i flask containing about 20 
to 25 ec, of chloroform. Extraction is continued for 30 minutes on an elec- 
tric hot filate, the chloroform made up to .some .suitabh? volume, such as 
15 ec.. filteriMl if necessary, and colorimetric estimation carried out as fol- 
lows; 5 cc. of the ehlorobirm extract are pipetted into a dry test-tube, and 
2 cc. of acetic anhydride and O.l cc. of concentrated sulfuric acid (best 
with 0.1 cc. pijiettei are added. After thorough mixing, the solution is 
placed in the dark for exactly 10 minutes*’* to allow the <‘olor to develop 
and then coinjiared with* a standardizetl aqueous solution of najjihthol 
green H in a Duboscq or KoImu- colorimeter. The dye excellently rnatclnvs 
the eholcftterol color and appears to be fX'rmaneiit. 

** Httumaiin, L., Personal^communication. 

*** In te.sting out various points in connection with the method we have 
been indebted to several individuals w'orking in this laboratory during the 
past five year.s. Dr. F. D. Ciorham, Mr, A. Bernhard, Dr. R. L. Kahn, and 
Dr. A. .1. P. Pacini. The use of the dye wnis suggested to us by Mr. Bern- 
hard, and Dr. Pacini made valuable suggestions in connection with the 
extraction. 

The general problem of the cholest<?rol content of human blood has 
already been discussed, see Oorlmni and Myers, Arch. Int. Med., 1917, xx, 
699. 

*’ We have generally used three extractors simultaneously on the .same 
hot plate. 

*** In order to get the proper temperature for color development in 
warm weatiier it is advisable either to keep the reagents in a cool place 
or to insert the tubes in water during the development of the color. 
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Regarding the use of the plaster of Paris, it would seem that, 
in addition to putting the blood into a finely divided and readily 
extractable conditmn, this calcium salt holds back substances 
which add to the color development with the Bloor technique. 
Chloroform appears to be a most excellent selective extractive 
here, and, in addition, is the solvent in which the color reaction 
must lye carried out. 

In conducting the extraction and developing the color it is im- 
portant that the reagents should be perfectly anhydrous. The 
chloroform is best redistilled over calcium chloride while the acetic 
anhydride and sulfuric acid should be of known purity. On a 
number of occasions weak color development has been traced 
to acetic anhydride. For this reason we never develop a series of 
unknown solutions without first checking the quality of our re- 
agents by developing a solution of pure cholesterol. With the 
method of extraction outlined above, brownish shades do not 
appear in the development of color. The use of the aqueous 
naphthol green B would appear to offer several advantages over 
the use of chloroform solutions of cholesterol as a standard. It 
appears to be rather more stable than the cholesterol in chloroform 
and does not evaporate as readily. With the dye it is not neces- 
sary to prepare continuous^'^ new standards to allow for the 
constant change in color. 

Since the wedges and cups of the Hellige colorimeter are un- 
affected by chloroform, our first analyses were made with this 
instrument, though more recently the Duboscq has been used, 
mounting the cup employed for the cUoroform in plaster of Paris, 
,as suggested by Bloor. Still more recently we have had the clear 
glass cylinders of our Duboscq colorimeter replaced with black 
glass by the Klett IVIanufacturing Co. This removes the neces- 
sity for a light shield and renders the colors more easily matched. 
The present Kober instrument, in addition to the black cylinders 
has its clear glass bottoms fused on, a great advantage when 
using chloroform. 

With our present lot of acetic anhydride, it has been found 
that when an 0.005 per cent solution of naphthol green B is used 
as a standard and set at 15.5 mm. on the Duboscq or Kober 
instrument, 0.4 mg. of cholesterol in 5 cc. of chloroform treated 
with 2 cc. of acetic anhydride and 0.1 cc. of concentrated sulfuric 
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acid will read 15 mm. The color curve for both the choles- 
terol and naphthol green B appears to fall in a straight line so 
that readings somewhat above or below the standard are accurate. 

Coprosterol (?) Estimation in Feces. 

I’o 2 or 3 gm. of well mixed moist feces, accurately weighed in a por- 
celain casserole, are added 1 gra. of calcium hydroxide which is thoroughly 
mixed in with the feces. To this is then added 10 cc. of a 20 per cent 
solulion of sodium hydroxide, and well stirred with a small glass rod. 
The casserole is now placed on the water bath and heated for about 2 
hours with frequent stirring. When the mixture has evaporated almost to 
dryness, it is removed from the water bath, 3 to 4 gm. of finely powdered 
plaster of Paris are added, the mass thoroughly mixcnl, and dried in an oven 
at a temj)erattire of O.'j'’ for 2 hours. . The extraction and subsequent colori- 
metric estimation arc carried out exactly as for cholesterol. A moisture 
determination should be made <m another fractiori of the same specimen so 
that the value of the coprosterol ertn be calculated in terms of percent- 
age of the dry specimen. The <^alciurn hydroxide is used to hold back 
any bile pigments. Saponification would, likewise, ai)pear to be neces- 
sary here on account of the high fat content of feces. As wc have found, 
liquid petroleum, now so commonly u.sed t herapeutirally, may introduce 
a very disturbing factor in the determination. 

Inasmuch as we have not yet been able to obtain coprosterol 
in a state known to be perfectly pure, it has btion thought best to 
record the values in terms of cholesterol. Employing the usual 
technique of isolating coprosterol, we have been able to obtain 
an unsaponified light amber residue, which showed the needles 
supposedly typical of coprosterol (but no cholesterol plates). Bo 
far we have not been successful in isolating the needles. The* 
colorimetric value of this dried residue, which is ordinarily 
weighed up as coprosterol, was found to be about one-third that 
of cholesterol, but identical in appearance. 

The coprosterol content of dry feces, calculated as cholesterol, 
has been found to vary from 0.5 to 1.5 per cent. As yet we have 
not been able to note any correlation with the clinical findings 
in the cases. 

We had planned a rather extensive study of the coprosterol con- 
tent of the feces, but difiSculties in obtaining entirely satisfactory 
quantitative specimens, as well as of ascertaining the exact color 
value for pure coprosteroi have greatly delayed us. We have not, 
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however, given up hope of carrying out this work. Such a study 
would appear to be of considerable interest in certain of the 
obscure liver conditions, as well as in supposed diso?'ders of 
cholesterol metabolism. 


DISCUSSION. 

As will be noted in the tables given below, this method fulfils 
three obviously necessary requirements. It gives consistent du- 
plicates, completely recovctrs known amounts of added ciioles- 
terol, and satisfactorily checks with a recognized reliable method 
based on an entirel}'' different principle (method of Windaus). 
From our data this does not seem to be true in the case of the 
Bloor method. 

Table, I presents a series of determinations with the method 
described above on normal human blood and blood to which 
either cholesterol or cholesterol palniitate was added. These 
were paralleled l)y similar determinations with the Bloor method. 
The duplicates and recoveries of added cholesterol would seem 
to be satisfactory with the method described, but tins was not the 
case with the method of Bloor. It may be noted, however, that 
the data on the chole.st<‘roI j)almitate with, the proposed method 
bear out Bloor’s contention that saponification of cholesterol 
esters is unnecessary for eolor development. With the Bloor 
method the cholesterol in alcohol-ether solution was added to the 
alcohol-cdher to be used for the extraction, but with the pro- 
posed method a chloroform solution was added to the blood and 
plastiir of Paris and the three w’ere thoroughly mixed befon* 
d|ying. It may be stated that in the latter cast' tlie (diolesterol 
was never intimately mixed with the blood, but we believe that 
such criticism is not valid. 

Data are presented in Table II giving parallel determinations 
on the same samples with the Bloor method and the proposed 
method in comparison with the digitonin method. The checks 
of the proposed method with the Windaus gravimetric method 
are satisfactory, but this was not the case with the Bloor method. 

Muelleri® has made some very valuable suggestions regarding 
the Fraser and (lardneri* technique of carrying out the digitonin 

Fraser, M. T., and Gardner, J. A., Prov. Roy. Soc., Series B, 11K)9, 
Ixxxii 230, 
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tabu; I. 

Comparative Cholesterol Estimations. 


Bloor method. 

Proposed method 

Colorimet- 

ric 

readingB. 

Choles- 

terol. 

Cholesterol 

added. 

Cholesterol 

recovered. 

Colorimet- 

ric 

readings. 

Cholesterol. 

Choles- 

terol 

added. 

Choles- 

terol 

reooverwl . 

mm. 

mg. per ec. 

mg. per cc. 

mg. per ec. 

mm. 

mg. per ee. 

mg. per ce. 

mg. per ce. 

7.1 

1.87 



11.8 

1.35 



7.6 

1.76 



11.9 

1.34 



6.2 

2.15 



12.0 

1.33 



6-2 

2.15 



11.9 

1.34 



1 cc. of 0.08 per cent cholesterol solution per 1 cc. of blood. 

5.7 

1 2.33 

■n 

0.35 

7.3 

2.19 

0.8 

0.86 

5.9 

! 2.26 


0.28 

7.4 

2.16 

0.8 

0.83 

5.7 

2.33 


0.35 





6.1 

2,18 


0.20 





2 cc, of 0.08 per cent cholesterol solution per 1 cc. 

of blood. 

4.6 

2.89 

1.6. 

0.91 

5.4 

2.96 

1.6 

1.63 

4.6 

2.89 

1.6 

0.91 

5.5 

2.91 

1.6 

1,58 





6.3 


1.6 

1.67 

4.6 

2.89 

1.6 

*0.91 





4.8 

2.78 

1.6 

0.80 






1 cc, of 0.2 per cent cholesterol palmitate solution per 1 cc. of blood. 


4.9 

2.72 

1.24 

0.74 

6.2 

2.68 

1.24 

1.25 

4.8 

2.77 

1.24 

0.79 

6.0 

2.56 

1.24 

1.2» 


At the time this series of observations was carried out our dye standard 
was set at 9.3 mm., which corresponded exactly with the color develop- 
ment of 0.4 mg. of cholesterol at 10 mm. 

All observations in this series were on fractions of the same specimen 
of blood. Two estimations grouyied together indicate the results of two 
colorimetric developments on the same extract. 


determination, most of which we have followed. In view of the 
importance of this determination as a check on our own method, 
it may be well to outline the procedure as we have carried it out. 
It is as follows: 
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10 cc. of blood are saponified for 2 hours on the water bath with 100 cc. 
of 25 per cent aqueous potassium hydroxide. They are then shaken out 
first with 250 cc. of chloroform, and later with 125 cc., three times. The 
extracts are now combined and evaporated to dryness. The residue is 
dissolved in alcohol, and to the boiling alcoholic solution a 1 per cent solu- 
tion of digitonin in 00 per cent alcohol is added, using about 25 per cent 
excess. This is allowed to stand over night in an icc box, and then filtered 
on tared hardened filter papers, washing first with ether and then with 
boiling water. The filter papers are placed in weighing bottles, dried in 
an oven, transferred to a desiccator for a short time, and weighed. The 
digitonin-cholesterol compound multiplied by tlie factor 0.2431 gives the 
cholesterol. 


TABLE II. 

Comparative Cholesterol Values mtk the Digitonin, Bloor, and Proposed 

Methods. 


Blood. 

Bixitonin motliod. | 

Bloor method. 

Proposed method. 


per cent 

per cent 

per cent 

1 Z 

0,149 

0.200 

0. 139 

2 M 

0.147 

0.203 

0 141 


f 0.125 


ro.i24 

3 R 

\0.125* 

0.181 

\0.130 

4 Mixed blood 

0.111 


0.108 

5 

0 158 

0.187 

0.164 

6 Guinea pig 

0.072 

0.095 

0.077 

7 


0.158 

0.116 

8 


0.210 

0.153 

9 ! 


0.177 

0.150 

10 


0.163 

0.127 

n 

* 

0.238 1 

0.164 


♦ ♦ 20 cc. of blood used. 


Mueller has pointed out that tared filter papers permit more 
rapid filtration than Gooch crucibles, and we can confirm him 
in this. As indicated by Fraser and Gardner, the Uvse of ether and 
hot water is preferable for washing to the ether and alcohol used 
in the original method. Digitonin is not readily soluble in cold 
alcohol, but is easily soluble in boiling water and the excess of 
digitonin is thus easily removed. The digitonin-cholesterol com- 
pound is slightly soluble in alcohol, so the use of ether and boil- 
ing water obviates the slight loss in weight that might follow the 
use of alcohol for washing. 
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SUMMABY. 

A method is described for the colorimetric estimation of cho- 
lesterol in blood, in which the cholesterol is directly extracted 
from the blood with the solvent (chloroform) employed in the de- 
velopment of the color reaction, thus rendering the estimation 
very simple. 

Data are presented showing that good duplicates can be ob- 
tained with the method and added cholesterol completely recov- 
ered. Observations are likewise given in which the estimations 
excellently check those obtained with the Windaus gravimetric 
method. 

Figures which we have obtained with the Bloor method are 
higher than those obtained with either the digitonin or the pro- 
posed method- 

A modification of the method is described whereby it is pos- 
sible to determine the coprosterol (?) of the feces. 
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(Uocoived for publication, August 9, 191S.) 

INTRODUCTIOX. 

Tho object of this investigation was to devise a method for 
the rapid determination of uric acid in blood which would be free 
from the objections to the colorimetric method now universally 
employed. Aside from the general dislike which routine workers 
have for colorimetric methods, it has been found that dififerent 
workers obtain on the same blood samples results which vary 
considerably. The gravimetric method, which depends upon the 
separation of uric; acid as such from a cold solution strongly acid 
with hydrochloric acid, is altogether too time-consuming to be of 
s(*rvice in <;linical laboratories. 

Morris* states that in a solution alkaline with sodium car- 
bonate, uric acid may be completely precipitated as a zinc salt. 
This fact suggested a new method for the determination of uric 
acid in blood, the chief features of which would be the separation 
of the uric acid as a metallic salt and the estimation of the latter 
volumetrically by means of a standard solution of an oxidizing 
agent. 

Experiments mth Metallic Salts > 

It occurred to us that other metals besides zinc might be 
used as precipitants for uric acid and that among these some 
might be found which would be better than zinc. Accordingly 
we experimented with the following metals: zinc, tin, cadmium, 
aluminum, nickel, iron, cobalt, copper, and chromium. 

* Morris, L., J. Biol. Chem., 1916, xxv, 206. 
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The method was to add 10 cc. of a 10 per cent solution of the 
acetate of the metal to a solution of uric acid. In the experi- 
ments with Cu, Cr, and Fe, the chloride instead of the acetate 
was used. The metal was then precipitated as a carbonate 
and filtered off. To the filtrate were added 2 cc, ^of phospho- 
tungstic acid® and 5 cc. of a 20 per cent sodium carbonate solu- 
tion. The color obtained was then compared with standard 
colors. Controls were run with all experiments and the absence 
of uric acid was always confirmed by the addition of a small 
amount of this substance. Experiments showed that nickel and 
zinc are superior to the other metals; the latter either fail to 
carry down any uric acid or at best precipitate only a fraction 
of the amount present. Table I gives the results of one set of 


TABLE I. 


No. 

Uric acid. 

Metal. 

Urio aoid in filtrate. 


mg. 


mg. 

1 

0.2 

Zn 

0.0 

2 

0.4 

Zn 

Trace. 

3 

0.2 

Ni 

0.0 

4 

0.4 

Ni 

0.0 

5 

0.2 

Co 

0.015 

6 

0,4 

Co 

0.02 

7 

0.2 

Cd 

0.05 

8 

0.4 

Cd 

0.1 


experiments in which the efficiencies of Zn, Ni, Co, and Cd were 
compared. It is evident from Table I that nickel is slightly better 
than zinc as a precipitant for uric acid. Experiments with 
larger amounts of uric acid demonstrated more clearly the su- 
periority of nickel. Sodium hydroxide, ammonia, and sodium 
phosphate were respectively tried in place of sodium carbonate. 
Experiments showed that sodium carbonate was the best. 

Morris states that he could effect a separation of uric acid from 
phenol by precipitating the fonner as the zinc salt. Our experi- 
ments showed that a nickel salt may be used equally weU for 
this purpose. 

® Prepared according to the directions of Folin and Denis* 
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Determination of Uric Add in the Nickel Predpitate, 

The next step was to find a method for estimating the precipi- 
tated uric acid preferably by titration. A solution of potassium 
permanganate of nonnality^O.005 was tried but was found im- 
practicable for the reason that the color of the nickel obscured the 
end-point and because a definite end-point could not be reached 
due to the rapid fading of the pink color. The removal of the 
nickel with hydrogen sulfide was not found practical owing to the 
difficulty experienced in boiling out all the hydrogen sulfide from 
the filtrate. We next tried a solution of iodine of normality 
0.0004.® This was added in excess and the latter titrated with 
sodium thiosulfate solution of normality 0.0004® using starch as 
an indicator. 

of Glass-Stoppered Bottles . — As will be shown later, it is 
necessary for the correct estimation of uric acid by iodine that 
the mixed solutions stand for half an hour. To determine whether 
or not any appreciable loss of iodine would result if the mixed 
solutions were allowed to stand in open beakers, the following ex- 
periments were made. 50 cc. of 0.0004 n iodine were added to 
beakers and glass-.stoppered bottles each containing 50 cc. of 
distilled water and 10 cc. of nickel acetate.'* After moistening 
the necks of the bottles with a little 10 per cent solution of po- 
tassium iodide, the bottles were tightly stoppered. At the ex- 
piration of 30 minutes, 4 cc. of starch solution were added to each 
of the beakers and bottles and the iodine in each was titrated 
with 0.0(X)4 N thiosulfate. The results obtained are given in 
Table II. 

The above results clearly show that in the beakers there was 
an appreciable loss of iodine. The necessity of employing glass- 

* This was prepared by diluting 2 cc. of a stock 0.1 n solution to 500 
cc. in a volumetric flask. 

* Experiment showed that the so called pure nickel acetate contained an 
impurity which absorbed iodine. The following simple process wiis found 
efficient in removing this impurity. The nickel was precipitated with 
sodium carbonate and the precipitate quickly and completely separated 
by centrifuging. After pouring off the supernatant liquid, the precipitate 
was washed with water, the mixture centrifuged, and the clean liquid 
poured off. The precipitate was then dissolved in glacial acetic acid and 
the nickel was again precipitated, after which the precipitate was centri- 
fuged, washed, and dissolved in acid. 
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stoppered bottles is therefore apparent. The figures above also 
suppl)’^ some idea of the error of the titration which in this case is 
about 0.5 cc. 

Error of Titration . — To determine more accurately the error 
involved in the final titration, the following experiments were 
made: To separate glass-stoppcred bottles were added 10 cc. of 
10 per cent nickel acetate, definite volumes of iodine solution de- 
livered accurately from a burette, and sufficient water to bring 
the volume up to 60 cc. After adding 2 cc. of starch solution the 
iodine was titrated with 0.0004 n sodium thiosulfate solution. 
The results are given in Table III. 

TABLE II. 


60 cc. of 0.0004 Iodine^ 10 cc. of 10 Per Cent 50 cc. of water. 

Time. SO Min^ 


No. 

Container used. 

0.0004 X NatSsOi used. 



ce. 

1 

Beaker. 

41.9* 

2 


42.6 

3 

GlasB-stoppered bottle. 

50.0 

4 

u u 

50.5 

6 

Bottle. 

50,5 titrated immediately. 


* The end-point in these as in all other experiments was a green color 
which matched the standard color. This standard was prepared as fol- 
lows: To a glass-stoppered bottle of the same size and type as that used 
for the titration, 10 cc. of 10 per cent nickel acetate are added. Water is 
then added until the volume approximately equals the final volume of the 
solution titrated. 

Examination of the above figures shows that the largest error 
due to the titration is equivalent to 0.13 mg. of uric acid per 100 
cc. The average error however is 0.065 mg. 

Experiments were run to see if the error introduced by pre- 
cipitating with zinc instead of nickel would be offset by a gain 
in accuracy in the titration due to the colorless end-point which 
the use of zinc would involve. It was found, however, that the 
green end-point gave a smaller error than that given by a color- 
less solution. Experiments were also made using different 
amounts of nickel solution. The reimlts showed that with the 
volumes used in the method, 5 cc, of a 10 per cent solution was 
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the minimum amount. However, to insure an excess, 10 cc. were 
always used. 

Time of Reaction , — It was observed that for the same amount 
of uric acid treated with iodine solution in glass-stoppered bottles, 
the iodine consumed varied with the time of standing; the longer 
the time the greater was the amount of iodine consumed. It 
was, therefore, important to ascertain the optimum time for the 
attainment of concordant results. To a series of glass-stoppered 
bottles were added 10 cc. of 10 per cent nickel acetate, a definite 


TABLE III. 


No. 

1 

Iodine. 

Thioauifato 

need. 

1 1 

1 ThkMulfate j 
per 10 cc. of | 
iodine. 

Thiosulfate 

used, 

calculated 

from 

average. 

Deviation . 

Error in 
uric acid.* 


cc. 

cc. 

cc. 

cc. 

cc. 

wig. per 100 ce. 

1 

10 

8.82 


0.23 

0.41 

0.08 

2 

10 

8.08 


0.23 

0.25 

0.05 

3 

20 

18.00 

0.00 

18 46 

0 4<> 

0.09 

4 

20 

18.20 

9.10 

18 46 

0 26 

0.05 

5 

m 

27.80 

0.27 

27 69 

on 

0.02 

ti 


27.78 

0 26 

27 00 

0.00 1 

0 02 

7 

40 

37 60 

9.40 

36.02 i 

0.68 

0.13 

8 

40 

37 36 

i 0 34 

‘ 36 02 

i 

0.44 

0.08 

Average 

0.2.3t 

1 


0 065 


* The above valiien were calculated on the foilowdng basis : 1 ce. of 
iodine = 1 or. of thiosulfate = 0.2 mg. of uric acid. These values while 
approximate were sufficiently accurate for this purpose. 

tin calculating the average value for 1 cc. of thiosulfate in terms of 
iodine. Nos. 1 and 2 were not included since these determinations were 
subject to relatively large errors in consequence of the small amounts 
of staitdard solutions used. 

volume of a standard solution of uric acid,“ and finally 50 cc, of 
0.0004 N iodine. The bottles were stoppered, allowed to stand for 
different periods of time, and then titrated. The results are 
given in Table IV. 

Similar results were obtained in another series of experiments 
Mn which 0.8 mg. of uric acid were used. It appears from the 
figures in Table IV that the reaction is practically complete in 

* This solution contained 0.4 mg. of uric acid per cc. 

TUB JOUXMAL or BlOmOICAI. CHBMIIBTBT, VOU X.XXVI, KO. 1 
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20 minutes, and that 30 minutes is a safe period for the reaction 
with amounts of uric acid such as are ordinarily present in 10 cc. 
of blood. 

TABLE IV. 


0.4 Mg, of Uric Acid, 50 Cc. of 0.0004 n Iodine, 10 Cc. of 10 Per cent 


No. 

Time of «tantiing. 

Iodine con«umed. 


mm. 

cc. 

1 

0.5 

10 H 

2 

i) 

14,1 

3 

10 

16.4 

4 

15 

ISO 

5 

20 

IS, 4 

() 

25 

IS 6 

7 

30 

IS, 6 

S 

35 

IS. 4 

9 

40 1 

IS. 3 

10 

45 1 

IS 7 

n 

50 

IS 4 

12 

.55 i 

IS. 5 

L'l 



1 IS. 5 


Recovery of Uric Acid from Aqueom Solntion. 

We next tested the efficiency of the method when a{)plied to 
aqueous solutions of uric acid. The pro(?edure was as follows: 
Definite amounts of a standard uric acid solution wctc measured 
into 50 cc. centrifuges tubes; 10 cc. of 10 per cent nickel at’ctate 
w^ere then added and siifficdent 20 per cent sodium carbonate 
solution to render the mixture alkaline,'’ Thfi tubes were thoji 
centrifuged for 2 minutes at a speed of 3,000 r.p.m.^ The super- 
natant liquid was poured off, and the precipitate washed by 
adding water and breaking up the cake with a glass stirring rod 
and stirring until an emulsion was formed. The tubes were 
then centrifuged again and the supernatan t liquid was discarded. 
The precipitates in the tubes i-vere treated each with 2 cc. of 

® 7he mixture was thoroughly stirred during the addition of the so- 
dium carbonate. 

’ The machine was capable of attaining a speed of 4,000 n.p.M. but the 
precipitam produced at this speed was caked too hard to wash thoroughly. 
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glacial acetic acid and the resulting clear solutions transferred to 
glass-stoppered bottles. By means of an accurate i)ipette 50 cc. 
of 0.0004 N iodine were introduced into each of the bottles and the 
latt(T stoppered after moistening the stoppers with a little 10 
per cent potassium iodide solution. The bottles were well shaken, 
allowed to stand for 30 minutes, and titrated with 0.0004 n so- 
dium thiosulfate. The results showed that practically all of the 
uric acid added was n.'covered. 

It was found, however, in order to eliminate? the blank given by 
sheep’s blood, that a se(‘ond precipitation of the uric acid with 
nick(4 was n(?(‘essary. determine how much uric acid could be 
re(*overe(l l)y a pro(‘edur(‘ involving a double precipitatir)n of the 
uric acid, another set of experiments was made. The first pre- 
cipitate obtain(‘d after centrifuging and washing was dissolverl 

TABIJi V. 




Jotljuti* consuttuni. 

No, 

I’ri*' Htid 



With no ! 

Aftor two 
IWf'ipitatianH. 


niff. 

rr. 1 

cr. 

1 

0 2 ! 

10 07 

10 20 

2 ' 

0.4 

20. SO I 

• 20.0,5 

:f '■ 

0.0 

;to.4o i 

:30 22 

4 1 

0 8 ! 

40 (»0 1 

' i 

40 07 


in 2 cc. of acetic acid, can'fully neutralized with 20 per cent 
NauCOs solution and the lather adde<l in slight exc(‘ss. It was then 
centrifuged, waslKxl, dissolved, and treated as abo\H» de.scribed. 
The results obtainc'd in one series of experinuaits are given in 
Table V. 

Recovery of Uric Acid from Blood, 

10 cc. of sheep’s blood were coagulatetl by boiling iji 0.01 n 
acetic acid, treated with alumina cream, and filtered.^ The con- 
centrated serum was now treated by the proceduie* already ile- 
scribed for the recovery of uric acid from aqueous solutions, to 

For details of nmnipulatiou see description of method given litter, 

® In this preliminary work a single precipitation of the uric acid was 
made. 
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see if anything would be carried down in the nickel precipitate 
which would absorb iodine and hence give a blank. The results 
showed blanks equivalent to 0.4 to 0.6 mg. uric acid per 100 
cc. of blood. Uric acid was added in different amounts to sheep's 
blood and the latter analyzed by the method described above.* 
Making allowance for the blank, the results showed that there 
was a loss in uric acid which was not proportional to the quantity 
of uric acid present. Definite amounts of uric acid were added 
to blood serum after coagulating the protein with acetic acid.® 
All the uric acid was recovered in addition to the blank. It was 
considered possible that the blank was due to oxalate used to 
prevent the clotting of the blood. IGxperirnent however proved 
that this was not the case although the properties of oxalates show 
that they would be present during the iodine titration. 


TABI4S VI. 


No. 

Blood. 

No. of 

preoipitationii . 

lodino consumed. 

£!c)ui valent in 
uric acid per 
100 cc. 


oc. 


cc. 

mg. 

1 

10 

1 

3 

0.73 

2 

10 

1 

2.98 

0.60 

3 

10 

2 

-0.45 

-0.08 

4 

10 

2 

0.40 

0.08 


Suspecting that the blank was due to protein carried down 
mechanically, it was hoped that by dissolving the precipitated 
nickel carbonate and uric acid and then reprecipitating, the 
blood blank might be eliminated. Experiments were first made 
with water solutions. The results have been given in Table V. 
The method of double precipitation was therefore applied to 10 
cc. portions of sheep's blood with results shown in Table VI. 

The figures in the last column clearly show that a double pre^ 
cipitation eliminates the blank which is invariably obtained in a 
single precipitation. 

The method Pf double precipitation was now applied to sheep's 
blood to which definite amounts of uric acid were added. The 
results are given in Table VII. 

The above results show considerable irregularity. In view of 
the fact that the recovery from water solution was fairly con- 
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slant, it would appear that the discordant results given above 
are due to errors entailed in the preliminary treatment of blood. 
This preliminary procedure, which is universally used in all 
methods, appears to us to lack definiteness so that not only dif- 
ferent workers but the same individual will be unable to obtain 
concordant results. We are not aware of any published work in 
which this problem has been attacked; we have therefore made 
this topic our next object of study. 

That the discordant results given in Table VII are due to the 
inadequacy of the present procedure for the coagulation and treat- 
ment of the blood, is confirmed by the results obtained in the 
following set of experiments. To separate 10 cc. poi'tions of 
blood serum derived from an ecpial volume of blood, which had 
l)een coagulated in the usual manner, treated with alumina 


TABLE vn. 


No. 1 

Quantity of ] 
blood uaod 

Uric u«id added. 

Uric acid ! 

recovered . i 

Amount 

recovered. 


cc. 

mg. 


per cent 

] 

10 

0 2 

0.11)4 

82 0 

«> 

10 

0 4 

0.358 

89.5 

3 

10 

0 6 

0.520 1 

87.0 

4 

10 

1-0 

1 0.93^> j 

03.5 


cream, filtere<l, and concentrated^ definite amounts of uric acid 
were added and the resulting clear solutions analyzed by our 
method. The results given in Table VIII were obtained. The 
excellent recoveiy of uric acid clearly points to the preliminary 
procedure as the cause of lo^^ses an<l irregularities of Table VII. 
The method proposed in this paper must be judged not by the 
results of Table VII but by thosi? given in Table VIII. 

Since the preliminaiy treatment is the same in the colorimetric 
and volumetric methods, it was thought worth while to run a 
series of experiments in which the two methods were compared. 
Sheep’s blood, to which definite amounts of our standard uric acid 
solution were adfSed, was analyzed by the colorimetric^^ and 
volumetric methods. The same standard solution of uric acid 

* 

We are indebted to Miss Theis of the Memorial Hospital for making 
the above analyses. 
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was used as a basis in both methods. The results are given in 
Table IX. 

The results show that the recovery of uric acid from blood is 
subject to considerable variation and that this is common to both 
methods. There seems to be little doubt that the irregularities 
and losses shown in Table IX are directly due to the inade(|uacy 

TABLE vm. 


to C(\ of Seram J)erii>vtl from iO Cc, of Sheep^n Blood. 


No. 

Uric acid added. 

Ui ic acid recovered. 


mg. 

mg. 

1 

0 2 1 

0 191 

2 

0.2 ! 

0.20S 

:i 

0.4 

0 415 

4 

0 4 

0.410 

5 i 

0.0 

0.010 

: 

0.0 

o.oao 

7 

0 8 

0 805 

<s 

1.0 

0 95)0 

9 

1 0 

0 945 


TABLE IX. 




i 

! Uric acid ri 

'covered l)y 

No. i 

Uric acid added. { 

^’olulncfric iiieffiod. 

1 (’olori»H*tri(; toefhoj. 


mg. 

i 

mg. 

1 

0 m 1 

0 514 ; 

1 0 1!34 

2 

0 m 

0 201 1 

! 

5 

0 400 

0 578 i 

0 582 

4 

0.570 

0 591 

0.420 

5 

0.007 

" 0.558 i 

0 400 

0 

! 0 007 

* 0.1)07 



7 

0 700 

0.552 

0 5S5 

8 

0,700 

: 0.547 

0 . 505 


of the preliminary treatment which is common to both methods* 
It is equally apparent that the volumetric method may be relied 
upon to give as good an indication of the uric acid content of 
blood as the colorimetric method. In Analyses 7 and 8, sufficient 
sheep^s blood to which a known amount of uric acid had been 
added was coagulated, treated with aUimina cream, filtered, and 
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concentrated in the iisual manner. 10 (?c. portions of this serum 
were then analyzed by both methods. It. is of interest to note 
in these cases the agreement of the results by both methods, 
pointing unmistakably to losses entailed in the preliminary treat- 
ment of the blood. 

Method. 

Based on the work recorded above the folk^wing method was 
developed. 10 vv. of blood are run out; from a pipc'tte into 50 
cc. of boiling O.Ol x acetic acid contairu^d in an aluminum cas- 
s<‘roIe. The mixture is stirred till the blood is coagulated as 
shown by the white foam which forms: 10 cc. (d alumina cream 
are added and mixed by giving th(‘ casserole a rotary motion. The 
contents of tli<‘ casseroh' are then filtered on a 18.5 cm. filter 
paper. Tin* filter pap('r and eoagulum ar(‘ washed twieo with 
50 cc. ])ortions of water heated to boiling in the casseroles The 
filtrate and washings are' received in a porcedain casserole and 
hoik'd (le)wn to about .10 cc. 2 cc. of alumina cream are addl'd 
and the mixtun* is filten'el ami washed twice with 10 (*c. portions 
of Ijoiling wa<('r. Tin* filtrate and washings are re(U‘i\'ed in a 
centrifugi' tube of 50 cc. capacity. 10 cc. of 10 per cimt nickel 
aci'tate solution an* then added, thoroughly stirred, and 5 cc. of 
20 p(‘r cent sodium carbonates solution added (ire>p by^elrop with 
constant stirring. The tube's are ecmlrifuge'd at about 3,000 
R.e.M. fe)r 2 minute's. pouring off the supernatant liepiiel 40 

cc. of water are added and the preerpitate is thoroughly brokem 
up witli a stirring rod till an emulsion is fe>rmed. It is then 
centrifugc'd again. The supernatant liquid is pe)ured off, 1 cc. 
of glacial aee'tic acid is adde'd, and the mixture stirred till all is 
dissolved. 4 cc. of 20 p<*r cent sodium carbe)nate are added to 
nearly neutralize tiie excess acid and then (i c(‘. me)re are added 
drop by drop with constant stirring. Afie'r bringing uj) the 
volume to 40 cc., the mixture is centrifugeel and washed as be- 
fore. The precipitate' is dissolved by adding 2 cc. of glacial 
acetic acid (cold) 'and the resulting solution transferred to glass- 
stoppered bottles of about 250 cc. capacity. The tube is rinvsed 
twice with 5 cc. of water, and the rinsings are united with the 
solution. 50 cc. of O.OOO-I n iodine are introduced into tlie bottle 
from a pipette, the stopper is moistened with a few drops of a 10 
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per cent solution of potassium iodide, the bottle tightly stop- 
pered, shaken, and allowed to stand for 30 minutes. 2 cc. of 
starch solution are then added and the solution is titrated with 
0.0004 N sodium thiosulfate to a green end-pdint.'^ The iodine 
and thiosulfate solutions are Ixjst kept as 0.1 n solutions. The 
dilute solutions are prepared as needed by diluting 2 cc. of the 
0.1 N to 500 cc. in a volumetric flask. 

Standardizatiom and Calculations, 

After the dilute solutions of iodine and thiosulfate have been 
prepared as directed above, they are standardized as follows: 

1. Standardization of the Thiosulfate Solution, — To 10 cc, of 
10 per cent nickel acetate (free from impurities which consume 
iodine as shown by test) contained in a 250 cc. narrow mouthed 
glass-stoppered bottle add 50 cc. of iodine (0.0004 n) solution 
from a pipette and 2 cc. of starch solution, and immediately 
titrate with the thiosulfate solution (approximately 0.0004 n) 
till the color is matched by a control.^® The latter is prepared by 
diluting in a similar bottle, 10 cc. of 10 per cent nickel acetate to 
approximately the final volume of the solution titrated. The 
number of cc. of iodine used divided by the number of cc, of 
sodium thiosulfate will give the value of 1 cc. of thiosulfate in 
terms of iodine. Thus 1 cc. of thiosulfate == x cc, of iodine. 

Standardization of the Iodine Solution in Terms of Uric 
Acid ,^ — Introduce into separate 50 cc. Centrifuge tubes definite 
quantities of the phosphate uric acid standard (0.4 and 0.6 mg, are 
suitable amounts). Add 10 cc. of 10 per cent nickel acetate, 
stir, and precipitate twice as directed above in the method. The 

The end-point in these as in all other experiments was a green color 
which matched the standard color. This standard was prepared as fol- 
lows : To a glasB-stoppcrcd bottle of the same size and type as that used 
for the titration, 10 oc. of 10 per cent nickel acetate are added. Water 
is then added until the volume approximately equals the final volume 
of the solution titrated. 

wA number of determinations should be made by one inexperienced 
with the method in order to familiarize himself With the end-point which, 
after a little practise, can be seen without much difficulty. 

This may be done simultaneously with a number of blood analyses, 
after the latter have been brought to the point when the uric acid and 
serum are contained in centrifuge tubes. 
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precipitate is dissolved in 2 cc. of glacial acetic acid and the 
solution transferred quantitatively to a glass-stoppered bottle. 
50 cc. of the iodine solution are introduced by means of a pipette 
and the analysis is completed as directed ita the method already 
described. The number of cc. of thiosulfate used multiplied 
by X (the value of 1 cc. of thiosulfate in terms of iodine) will 
give the excess of iodine present; and this subtracted from 50 
will give the number of cc. of iodine consumed by the uric acid 
present. Dividing the mg. of uric acid by the cc. of iodine con- 
sumed will give the value of 1 cc. of the iodine solution in terms 
of uric acid, 

S. Calculation of an Unknown . — Multiply the number of cc. of 
thiosulfate used by the value of x as determined in (1). lliis 
will give the excess of iodine present. Subtracting this value 
from 50 will give the number of cc. of iodine consumed. Multi- 
plying the figure for the iodine consumed by the value of 1 cc. of 
iodine in terms of uric acid, found according to (2), will give 
the quantity of uric acid in mg. in 10 cc. of blood taken for 
analysis. If this figure be multiplied by 10, the uric acid con- 
tent of 100 cc. of blood will thus be given. 

SUMMARY. 

1 . An experimental study of a number of metallic salts as pre- 
cipitants for uric acid in a solution alkaline with sodium car- 
bonate was made. The results showed that nickel is the best of 
those tried. 

2. A 0.0004 N iodine solution was found suitable for the esti- 
mation of small amounts of uric acid provided certain condi- 
tions are adhered to. 

3. Based upon the above considerations, a new method has 
been developed for the determination of uric acid in blood, the 
chief features of which are : (a) The precipitation of the uric acid 
by means of nickel acetate in a solution alkaline with sodium 
carbonate. (5) The estimation of the uric acid in the precipitate 
by means of a dilute solution of iodine. 

4. The method was applied with good results to aqueous solu- 
tions of uric acid as well as to blood serum to which known 
amounts of uric acid were added. 
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5. Low and inconsistent results were obtained when the method 
was applied to sheep^s blood to which known amounts of uric acid 
were added. This was shown to be due to the inadequacy of the 
procedure generally employed for the coagulation and preliminary 
treatment of the blood. The colorimetric method when used in 
the analysis of samples of the same blood also gave low and in- 
consistent results for the same reason. 

6. Comparison tests show that the volumetric method is f\illy 
as accurate as the colorimetric method, and possesses the advan- 
tage of requiring no special apparatus. 
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Rooaevelt Hosjntalf Sew York.) 

(Rortnved for publication, Augu.st 20. 1018.) 

In sovornl of the troi'jical countries th(' l)anana, Mum mpien- 
turn, is a major foodstuff in the di(d of the natives. Thu.s Aclanis^ 
stales, ‘‘that in the States of Parana and Santa CaLirina, Brazil, 
tlu* (Ui1ir(‘ population subsists exclusively on bananas as a food, 
and c.offe(‘ as a drink; and tliese sections are famous for the 
streiiffth and endurance (if their laborinj? classt*s.’’ In the tem- 
perate zone, bananas ar(‘ consumed only as a supplementary food. 

D(Mail('d .studi(‘s of th(' nutritive* value of the banana have not 
hitherto b(‘en re|)ort<al. Presc(itt* in his recent article points out 
that th(* (ominnation of lainauas and milk, in proper proportion, 
would const it ut(‘ a ft‘oo<l diet for man. Loed) and Northrop'^ and 
Northr(»p^ have shown that under aseptic conditions the fruit dy, 
Drompliila ampelophila, (*annot be raised on bananas, but that 
the fii('.s will ^row on a mixture of yeast and l)ananas. 

Myers and Ko.^('‘' reported that th(‘ banana appears to he a 
particulaily valuabk* food to employ in dietetic treatment in 
mild cases of m'phrilis with nilropjen retention. 

Th(* pn'sent work is a study of the nutritive value of l)ananas 
as determiiK'd l)y tin* maintenance and ^rowdh of albino rats 
wluai i)lac(*d upon a. diet of bananas, or bananas to^ 2 ;eth(a* with 
certain supplemfuitaTy .substances. 

The Kcmeral routine of the experiments w’as as follows: Young 
and vigorous albino rats, purchased from a reliable dealer, \v(*re 

^ Adams. F. It. Conquest of the tropics, 1914, 350. 

® Prescott, S. (A, Scientific Monthly, 1918, vi, 65. 

Loch, ,L, and Northrop, J. IT,, J. BioL Cheftt,, 1916, x.wii, 309. 

^ Northrop, J. H., Biol. Chew.., 1917, xxx. 181. 

^ MyerH, V.‘ C., and Rose, A. R., J. Am. Med. Asm., 1917, Ixviii, 1022. 
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used. The animals were kept in well ventilated round cages, 
about 10 inches in diameter, two or three animals being kept in 
each cage. The room in which the cages were kept was well 
lighted and a moderate temperature maintained. The animals 
were weighed each morning, after which fresh food was given. 
Distilled water was given ad libitum. 

The various foods given were prepared as follows: The edible 
portion of well ripened, golden-yellow bananas was mashed 
alone, or with the supplementary substances indicated. The 
casein employed was prepared from commercial washed casein by 
boiling for 2 hours with 95 per cent alcohol; it was filtered and the 
casein washed with fresh alcohol, then allowed to dry in the air. 

The water and the alcoholic extracts of carrots were prepared 
in the following manner. 700 gm. of fresh carrots, Daucus carotaj 
were milled after removing as little as possible of the outer por- 
tion, and then treated with 1 liter of either distilled water or 
95 per cent ethyl alcohol. They were allowed to stand for 48 
hours in the water and for 5 days in the alcohol, with occa- 
sional shaking, at room temperature. Then the solution was 
filtered thi-ough a Buchner funnel, washed with fresh solvent, 
and concentrated in vacuo at low temperature, until the solution 
became syrupy. This syrupy liquid was kept in an ice box 
"until used. 

The salt mixture was prepared according to Osborne and 
Mendel.® Table butter was used as one of the sources of the 
fat-soluble accessory factor. ^ Brewers' yCasi was filtered , pressed , 
dried in the air, and well ground. 

It has been shown that an adequate diet must contain sufficient 
nitrogen, calories, and water, the salts, and yet unidentified sub- 
stances: accessory factors,® oryzanin,® vitamine,^® fat-soluble A 
and water-soluble B,^ hormone,^^ or sitacoid.^*^ 

« Oaborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913, xv, 317, Salt 
Mixture IV. 

’'.McCollum, E. V., Simmonds, N., and Pitz, W., */. Biol. CAm., 1010, 

XXV, 106. 

* Hopkins, F. G., Anal^H, 1006, xxxi, 301. 

* Suzuki, U., Shimamura, T., and Odake, S., Biochem. Z., 1012, xUii, SO. 
^®Funk, C., Ergehn. Phytsiol.y 1912, xiii, 125. * 

“ Mendel, b. B., in Lusk, G., The elements of the science of nutrition, 
1917, Philadelphia, 37d. 

Kamsden, W., J, Soc» Chem. M,, 1918, xxxvii, transaotion 63. 
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In the first experiment the rats were fed upon bananas exclu- 
sively. Ration 1 : Bananas, 100 per cent. The results obtained 
from this experiment are given in Chart 1, from which it is 
clearly seen that the rats failed to grow on the banana ration. 
Some animals maintained their weight and lived for about 80 
days, while others died in a short time. The rats lose from 5 
to 10 gm. on the 1st day that the change is made from an ade- 
quate diet, bread and carrots, to the all banana diet. Following 
the 1st day*s drop in weight and until death, the body weight 



of the animals remained almost unchanged. The animals ap- 
peared to be in poor condition; some developed an eye infection, 
and some rats (Nos. 16, 17, and 18) developed scur\y in about 30 
days. The lack of growth and final death of all the animals fed 
exclusively upon bananas shows that this fruit is deficient in one 
or more necessary food factor* 

A comparison of the chemical composition of the banana with 
a few other common foodstuffs (Tables I and II) is of interest in 
connection with this investigation, and may serve to throw some 
light upon the nature of the deficiency in the banana. 






174 Nutritive Value of Banana 

Wheat bread soaked in whole milk or supplemented with 
fresh vegetables, or ocicasionally with small amounts of meat, is 
recognized as an adexjuatc diet for the albino rat. Bread con- 
stitutes the principal part of such a diet. A glance at these 
analyses will make it plain f hat bananas contain only one-half as 
much fat and carbohydrate, and about one-seventh as much pn)- 
tein as the bread, while the ash content is nearly the samq in 
both cases. Aside from these chemical diff(u*ences, the digesti- 
bility and the adaptability of the bananas might be considered. 


TABLE I 


Foo.l.* 

Wafer. | 

■ .... J 

Aali. j 

1 

1 ! 

! ProftuTi 
!(N X 6.25). 

1 

Fat. 

Carbo- 

hydmto. 

Fuel 

value, 

per 

|K>und. 


per cent j 

ptT cent 

j per cell t 

per cent 

p<r ctnl 

ealories 

BanuuMS (odibh*) 

75.3 'i 

0.8 

\ i.a i 

0.0 

22.0 

U7 

Potatof.s (wliite) 

1 78.3 i 

1.0 

! 2.2^ 

0.1 

I IS -1 ! 

378 

Carrots (frcsli (Mlilde). . , . 

88.2 i 

1.0 i 

1.1 1 

0. i 

9.3 : 

204 

O 

3 

7.3 1 

1.9 i 

10.1 1 

7.2 

07 . 5 1 

1,811 

Bread f white) | 

1 

35.3 ! 

1 

j 

1.1 i 

9.2 j 

1,3 

j 

53,1 

1,199 


* Sherruan, H. C., (’hcuuslry of food and nulrition, NVw York, 1018. 


TABLE 11. 

A^h ('onstitiienfn of Fo*Hh in (rw, pvr H)9 Calories of Edihlv. Food Mahria}.* 


Food. 

CaO 

Mk<) 

KA) 

Xa?0 

l\<h 

' 

Cl 

s 

Fe 

Bananas. . . . 

O.Ol 

0.04 

0.50 

0.02 

0.055 

0.20 

0.013 

O.OWO 

Bread 

0,011 

0.01 1 

0.04 1 


0.075 


0.05 

0.(K)03 

Carrots j 

0.168 

1 0.074 

0.765 j 

0.28 

I 0.22 

0.078 ' 

1 

i 0.048 

1 

0.0016 


* Sherman, H. C., Chemistry of food and nutrition, Now York, 1918. 


Starch in the banana is largely converted into sugar as the fruit 
ripens. It is easily digcsttxl when ripe, but it would seem pos- 
sible that the physical condition of the starch and sugar in the 
banana may not be suited to the digestive tract of the rat. 

The second experiments were carried out by supplementing 
some of the probable missing substances in the banana. 

Charts 2 and 3 show the results obtained from adding small 
amounts of yeast preparation or butter fat, which contain two 
different kinds of food hormones. 
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Ration 2. 

percent 


Bananas 95.5 

Yeast preparation '0.5 


Ration 5. 


Bananas 95 

Butter fat 5 


One of the absolutely necessary elements to maintain^ the 
normal condition of the tissues is the presence of certain salts. 
Chart 4 indicates the results obtained by adding a complete 
salt mixture to the banana ration. Chart 5 shows the results 
obtained by adding milled fresh carrots.’® 

Ration 

per cent 


Bananas... 95.3 

Salt mixture 3.7 


Ration $. 

per cent 

Bananas 50 

Carrots 50 

From the preceding experiments we reach the following 
conclusions. Neither the yeast preparation, which contains 
water-soluble B, nor the butter fat, which contains fat-soluble 
A, show any complementary action for the banana. The addi- 
tion of the salt mixture to the banana diet resulted in no growth 
of the animals. The addition of carrots likewise produced no 
growth. 

Thus far our experiments show that the banana is not an 
adequate diet for rats. Therefore, the next problem is to find 
whether the failure of growth in the animals was due to a de- 
ficiency in protein or to this deficiency and some other in addi- 
tion. The following rations were employed: 


** Tables I and II show that the composition of bananas and carrots 
is almost similar, except for carbohydrates, yet young rats live t)n a ba- 
nana diet relatively much longer than on a carrot diet. It is b^ieved that 
the difference in the nutrition of young animals when fed upon these 
closely allied forms of food is due to a difference in the degree of digesti- 
bility. 
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Ration 6. 

percent 

Bananas 90.8 

Yeast preparation 0.5 

Butter fat 5.0 

Salt mixture 3.7 

Ration 7. 

Bananas 90.8 

Extract of carrots 0.5 

Butter fat 5.0 

Salt mixture 3.7 

Ration 8. 

Bananas 84 

Casein 16 

Ration 9. 

Bananas 79 

Casein 16 

Butter fat 5 

Ration JO. 

Bananas 75.3 

Casein 16.0 

Butter fat 5.0 

Salt mixture 3.7 

Ration 11. 

Bananas t 75.3 

Purified beef 16.0 

Butter fat ' 5.0 

Salt mixture 3.7 

Ration 12. 

Bananas 59.0 

Purified beef 16.0 

Butter fat 5.0 

Salt mixture 3.7 

Carrots 16.3 

Ration 18. 

Bananas 59.0 

Casein 16.0 

Butter fat 5.0 

Salt mixture 3.7 

Carrots 16.3 
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Ration 14 . 

^ per cent 

Bananas 74.8 

Casein 16.0 

Butter fat 5.0 

Salt mixture 3.7 

Water extract of carrots 0.5 

Ration 15. 

Bananas 74.8 

Casein 16.0 

Butter fat 5.0 

Salt mixture 3.7 

Alcoholic extract of carrots 0.5 

Ra^on 16. 

Bananas 83.5 

C\asein 16.0 

Water extract of carrots 0.5 

Ration 17. 

Bananas 83.5 

Casein 16.0 

Alcoholic extract of carrots 0.5 

Ration 18, 

Bananas 83.5 

Casein 16.0 

■^Extract of carrots 0.5 

For explanation, see p- 182. 

Ration 19. 

Bananas 74.8 

Casein 16.0 

Butter fat 5.0 

Salt mixture .’ 3.7 

Yeast preparation 0.5 

Ration 20. 

Bananas 79.8 

Casein 16.0 

Salt mixture 3.7 

Yesist preparation 0.5 

Ration 21. 

Bananas 83.5 

Casein 16.0 

Yeast preparation 0.5 
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DISCUSSION. 

In the first part of our experiments we have shown that bananas 
alone, or bananas supplemented with either the yeast prepai'a- 
tion, butter fat, salt mixture, or carrots did not produce growth 
of young rats. 

Then young rats were fed with rations made up of bananas, 
yeast preparation, butter fat, and salt rnixt ui'e or extract of car- 
rots (both water and alcoholic), in the place of the yeast prepa- 
ration. These rations are Nos. 6 and 7, and some of the results 
aie shown in Chart 6. The animals did not thrive on this diet. 



Chart G. 


The addition of 16 per cent of purified casein to the banana 
diet, in some cases, had a marked influence upon the growth of 
the rats, while in others there was about one-third of nomial 
growth, and still others did not grow at all (Chart 7, Ration 8). 

If washed casein is boiled with 95 per cent ethyl alcohol for 2 
hours, cooled, filtered, and washed well with fresh alcohol, it is 
said that the purified product is free from food hormones. Abso- 
lute ethyl alcohol does not remove the food hormones from 
dried foodstuffs, which contained food accessory substances. 
Osborne and Wakeman^^ have isolated a new kind of protein from 

Osborne, T, B., and Wakeman, A. J., J, Biol Chem., 1918, xx xiii, 7, 

243 . 
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the alcoholic washings of casein. Whether the presence of this 
new protein in the casein has any connection with the growth- 
promoting factors or not we cannot state definitely at present. 

Substituting an equal quantity of purified beef® for purified 
casein Shows that this diet does not cause the growth of young 
rats. However, upon adding a definite quantity of carrots, 
Ration 12, to the same diet we obtained nonnal growth (Chart 8). 

Instead of whole fresh carrots we added small quantity of 
water and alcoholic extracts of fresh carrots to the diets, either 
made up of bananas, casein, butter fat, and salt mixture or ba- 
nanas and casein (Rations 14 to 17). Since both water and 
alcoholic extracts of carrots possessed an equal amount of growth- 
promoting substances, we designated them as extract of carrots 
for the sake of simplicity (Ration 18). Both water and alco- 
holic extracts of carrots possess growth-promoting substances, as 
shown in Charts 9 to 12, and 15 and IG. 

Our experiments have shown (Charts 7, 9, 10, 11, 12, 15, and 
16) that the banana contains enough fat, carbohydrate, and in- 
organic salts, but is deficient in protein, and in at least one food 
hormone (water-soluble B). 

A second aqueous or alcoholic extract of carrots, which ykdded 
about 12 per cent of the fyst product, also contained food hor- 
mones. Aluminium hydroxide and colloidal iron removed the 
food hormones from both the aqueous and alcoholic extracts of 
carrots. 

A detailed account of the preparation, isolation, and analyses 
of the water and alcoholic extract of carrots will l)e given in a 
later paper. 

Chart 9 shows the action of animal growth in the presence and 
absence of the growth-promoting substances in different rations 
given in the text. This set is an example of many similar ex- 
periments carried out with different rations. 

Fresh beef was ground finely in a meat chopper and about 250 gm. 
were treated with 400 cc. of water and boiled for 10 minutes. The meat 
then was filtered through muslin while hot, washed with hot water, and 
squeezed. This treatment was repeated. Then the meat was treated with 
300 cc. of water, placed in a large collodion bag, and after adding a little 
toluene it warf dialyzed for 2 days in cold running water. At the end of the 
period the mixture was filtered through muslin and the above treatment 
repeated. Finally the purified beef was dried in a vacuum desiccator over 
sulfuric acid. 
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Chart 9. The figures represent the number of the ration. Curves to 
the left of the heavy vertical line indicate the growth of rats fed upon the 
diets free from the growth-promoting substances, while the curves to the 
right of this line indicate growth of rats fed upon the diets which con- 
tained the growth-promoting substances. The broken lines represent the 
growth of animals fed upon a diet of bread, soaked in whole milk, and 
carrots. 
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Young rg-ts were removed from their mothers at the age of 25 
days, or before, and allowed to live independently on Ration 18. 
Charts 13, 14, 15, and 16 show that most of them did not main- 



tain growth and life, while a few animals grew more rapidly than 
normally. 

Further experiments, continued for longer periods of time, 
have clearly shown that the banana plus purified casein and carrot 
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extract (or yeast preparation) constitutes a complete diet fot the 
growth, maintenance, and reproduction of the albino rat. 



Chart 15. 


Numerous litters of from 2 to 10 rats have been born of par- 
ents fed solely upon Ration 18 for months. The puberty and 
gestation period of the females fed on Ration 18, and the aver- 
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age 'individual birth weight and the sex ratio of the lit ters born 
of parents fed solely upon liatioii 18 foi* months corresponds 
almost in every respect to rats fed on normal bread diet, as 
reported by Donaldson. During the period of lactation, it ap- 
pears, however, that it is imi^ossible to provide proper nutrient 
for the new-born, when the mother is limited solely to the above 
mentioned ration. The addition of milk to the diet of the mother 
from the time of birth of the young until they are weaned is 
absolutely imperative, if the young are to survive.^ ^ Repeated 



trials have rendered this conclusion unquestionable. Yet as 
soon as the young are given food other than the mother's milk, 
limiting both mother and young to the banana-casein-carrot 
extract ration, a rapid and very satisfactory growth on the part 
of the young follows. With the exception of the break in the 

Donaldson, H. H., The Hat, Memoirs of Wistar Institute of 
Anatomy and Biology, No. 6, Philadelphia, 1915, 21, 24, 27. 

Further investigation on this particular point will be given in a 
later paper. ^ 
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mother’s diet during the period of lactation, rats of the second 
generation have been brought to maturity solely uy)on Ration 
18. The young rats of the second generation grow more ra[>idly 
on the limited ration than do those of the first. This is possibly 
due to the fact that care in the laboratory has produced stronger 
animals than those secured from the dealer. Certainly these 
animals ha\^o grown very rapidly upon* Ration 18 to complete 
maturity (see Charts 15 and ItJ), and theif’ general condition has 
been most excellent. 


CONCLirsiONS. 

1. T1h‘ banana is d(‘ficien1 in (a) protein and (h) the water- 
solubl(' acc(‘ssory as a foodstuff for the growth or maintenance of 
albino rats. 

2. A di(‘t of banantis, fnnified casein, and y(‘ast dr carrot- 
('xtract is suflicient for th<^ [)erfect growdh and reproduction of 
the albino rat. Such a diet is not, how(‘ver, adecjuate for the 
production of proper milk by the mother. This statement holds 
triH^ wlaMlua* the litter of young is large or small in numl)er, 
showing that the failun* in milk is qualitative in nature, and not 
sim})iy a deficiency in the quantity of milk product. It is in- 
teresting to observe that a diet can Ije ade(|uate for the produc- 
tion of young and foi* growth after the 03^58 of tlie 3 T)Uiig op(*ri, 
but inadtHpiate for the |)ropcr production of milk. 

3. Purifhal casein suppkmients the banana other than b 3 ^ tlie 
simple addition of protein. The casein in the ration cannot be 
satisfactoril 3 ' replaced b 3 ^ washed and dialyzed beeff. 
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ANTIPOLYNEDRITIC SUBSTANCES FROM 
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Natural curative substances for polyneuritis induced in pigeons 
and fowls by a diet of polished rice have been prepared from rice 
polishings,* autolyzed yeast, is-is animal tissues,*** *** cab- 


* Eijkinan, Virchows Arch. path. Anal., 1897, oxlviii, 523; cxlix, 187. 

* Fraser, H., and Stanton, A. T., Philippine J, Sc., B., 1910, v, 55. 

^ (‘hfimberlain, W. P., and Vedder, E. B., Philippine J. Sc., B, 1911, vi, 
251. 

* Chamberlain, W. P., and Vedder, K. B., Philippine J. Sc,, B, 1911, vi, 
395. 

“ Funk, C., J. Phtjsiol., 1911-12, xliii, 395. 

® Suzuki, IJ., vShimainura, T., and Odake, S., Biochem. Z., 1912, .\liii, 89. 

“Chamberlain, W. P., Vedder, E. B., and Williams, R. R., Philippine 
J. Sc., B, 1912, vii, 39. 

® Edie, E. 8., Evans, W. H., Moore, B., Simpson, O. C. K., and Web- 
ster, A., Biochem. J., 1912, vi, 234. 

“Fraser, H., and Stanton, A. T,, Tr. I6ih Inlernat. Cong. Hyg. and 
Demog., 1913, v, 637. 

‘“Strong, R. P.. and Crowell, B. C., Tr. 1 5th Internal. Cotig. Hyg. and 
Demog., 1913, v, 679. 

“ Cooper, E. A., Biochem. J., 1912-13, vii, 268. 

Vedder, E. B., Tr. 16th Internal. Cong. Hyg. and Demog., 1913, v, 671. 

*“ Drummond, J. C., and Funk, C.. Biochem. J., 1914, viii, 598. 

Funk, C., Biochem. Bull., 1915, iv, 304. 

Funk, C., Biochem.' Bull., 1916, v, 1. 

‘“Cooper, E. A., and Funk, C., Lancet, 1911, ii, 1266. 

‘^Funk, C., J. Physiol., 1912--13, xlv, 75. 

** Cooper, Biochem. J., 1914, viii, 260. 

‘“Cooper, J. Hyg., 1914, xiv, 12. 
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bage and potato juices,*” and ogg yolk.*®' ** Painstaking efforts 
have been made during the last JO years by many scientists to 
isolate the substances, in order to establish the chemical nature 
of these curative materials. During the last 2 or 3 years arti- 
ficial antipolyneuritie substances have been prepared and dis- 
cussed by Funk,“ Williams, Williams and Seidell,®^ and Wil- 
liams.2*’ However, Voegtlin and White,^’ Steenbock,*'^ and Harden 
and Zilva-^ do not confirm their results. 

In a preceding paper we have shown that both water and 
alcoholic extracts of fresh carrots^^ contain growth-promoting 
substances. It was farther found that our yeast preparations 
showed the same growth-promoting pow'cr exhibited by the 
carrot extracts. 


EXPERIMENTAL. 

The water and the alcoholic extracts of carrots were prepared 
in the following manner. Fresh carrots were finely ground in a 
meat chopper after removing as little as possible of the outer 
coating, since nutrient materials are stored in the thin-walled 
parenchymatous bast. 700 gm. were treated with 1 liter of dis- 
tilled water and allowed to stand for 2 days at room tempera- 
ture with occasional shaking, or were treated with 1 liter of 95 
per cent ethyl alcohol for 5 days. In either case the mixture was 
filtered through a hardened paper in Buchner funnel, washed 
with fresh solvent, and the clear golden-yellow filtrate con- 
centrated in vacuo at low twnperature, until it became a syrupy 
mass. This was kept in a refrigerator for future use. 

2” Mo(.\)llum, E. V., and Kennedy, CL, ,/. liioL Chem., 1910, xxiv, 491. 

21 Stfjcnhoek, H., J. Biol. Chem., 1917, xxix, p. xxvii. 

22 Funk, C., J. Physiol., 1912-13, xlv, 4S9. 

22 Williams, R. R., J. Biol. Chem., 1910, xxv, 437. 

Williams, R. R., and Seidell, A., J. Biol. Chem., 1910, xxvi, 431. 

2 ® Williams, J. Biol. Chem., 1917, xxix, 49.5. 

2 ® Voegtlin, C., and Whit^, Cl. F., ,7. Pharm. and Exp. Therap., 1917, 
ix, 1.55. 

22 Harden, A., and Zilva, S. S., Biockem. J., 1917, xi, 172. 

2 ® Sugiura, K., and Benedict, S. K., J. Biol, Chem.., 1918, xxxvi, 171. 

22 It may he of interest to note that it has been a custom among in- 
habitants in the Province of Owari, Japan, to feed a racing horse with a 
couple of fresh carrots just prior to the start of a race. Natives say that 
fresh carrots make the animal more lively. 
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The chemical nature and yield of the substances varies some- 
what with the time and the temperature at which extractions are 
made, and with the concentration and the variety of carrots. A 
chemical analysis of both extracts, using the above technique and 
concentration, may be of interest in connection with this in-^ 
vestigation. The total nitrogen in the moist preparations was 
estimated by the Kjeldahl method. The total phosphorus was 
precipitated as ammonium phosphomolybdate in presence of sul- 
furic acid.*® The micro-apparatus of Van Slyke*^ was used for the 
determination of amino nitrogen without hydrolysis with acid. 
Preparations were tested with Folin’s uric acid*^ and phenol** 
reagents. 

Both preparations had a sweet taste. Their yields were about 
7 per cent of original fresh carrots. 

Table I shows the analysis of preparations. The results are 
expressed in percentage of substances calculated on a moisture- 
free basis. 


TABLE I. 


Subitaiice. 

Total 

nitro- 

gen 

Total 

ash. 

PjO* 

Amino 

nitro- 

gen. 

Uric ! 
acid. 1 

Phenol. 

Water extract of carrots 

Alcoholic extract of carrots 

percent 

1.51 

0 44 

per cent 

7 10 
3.17 

percent 

0 91 
0.21 

percent 

1 00 
0.31 

percent 

0 17 

0 02 

percent 

0 55 
0.56 


In connection with this analysis it is of interest to note that 
both water and alcoholic extracts have about the same amount 
of phenol-reacting substance, and that both extracts are equally 
efficient in their growth-promoting power. 

A colorless crystalline substance from yeast was prepared in 
the following manner. Brewers' yeast was filtered, pressed, dried 
openly in the air, and well ground. , 10 gm. of powdered yeast 
preparation, the nitrogen content of which was 9.59 per cent, 
were treated with 100 cc. of distilled water, shaken well, and 
placed in a 300 cc. collodion bag, which was suspended in air for 

Falk, K, G., and Sugiura, K., J. Am, Chem, #Soc., 1915, xxxvii, 1507. 

Van Slyke, D. D., J, Biol. Chem.t 1913-14, xvi, 121. 

Folin, O., and Macallum, A. B., Jr., J. Biol, Chem., 1912-13, xiii, 363. 

** Folin, O., and Denis, W., J, Biol. Chem,, 1912, xii, 239. 
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air dialysis*^ at room temperature, until the contents of the bag 
b^ecame perfectly dry. The time required for this process was 
about 10 days. The colorless crystalline substance on the outer 
wall of the bag was carefully removed by means of a earners 
hair brush. By this method about 5 mg. of crystalline substance 
were obtained from 10 gm. of yeast preparation. Occasionally 
no crystals separated on the outer wall of the bag. 

A quantitative (hemical study of this substances was Jiot 
made because we have not yet obtained sufficient material. Some 
of the qualitative tests upon t he crystals might be given here. The 
crystals were in plate form, and were not easily solirble in water. 
When 5 mg. of substance in water were treated with phospho- 
molybdic-phosphotungstic reagent, a deep blue (^olor was pro- 
duced; but lio color reaction was given with the phospho tungstic 
acid reagent. 

A colorless crystalline substance was also prepared in the fol- 
lowing manner, 10 gm. of powdered yeast pref)a ration were 
treated with 100 cc. of 5 per cent sodium chloride solution, and 
after being placed in a eollodion bag, were subjected to air dialy- 
sis, as before. By this method we obtained 22 mg. of colorless 
crystalline substance, which was almost free from sodium chloride. 

Polyneuritis in pigeons was induced by feeding them ad libitum 
on white rice and water. The pigeons were kept upon the same 
diet after treatment, unless otherwise mentioned. All the in- 
jections were given subcutaneously into 'the breast. 

Experiment 1 . — On the 18tli day, l*igeon 5 vshowed .symptoms t>f poly- 
neuritis. The bird rolled about in the cage with j^araylsis of the legs and 
retracted neck. 2.4 mg. of crystals from the yeast preparation in 1.5 cc, 
of water were administered. Within I hour the pigeon was able to stand 
upright and the neck was no longer retracted. On the 2nd day after 
injection, the condition of the pigeon was almost normal, and the diet 
was changed to normal and kept so for 11 days. Her condition was good. 
Then normal diet was changed to white rice again. On the 23rd day, the 
bird showed marked symptoms of polyneuritis. 37.5 mg. of alcoholic ex- 
tract of carrots in 1 cc. of water were atJministered. Within 1 hour the bird 
regained its strength, but the disea.se reappeared the next day and it died 
the following night. 

Experiment 2 . — On the 20ih day, Pigeon 6 showed the characteristic 
symptoms of polyneuritis and was given 6 mg. of crystals from the yeast 


^ Kober, P. A., J. Am, Chem, Soc,, 1917, xxxix, 944. 
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preparation in 1.5 cc. of water. Within 1 hour it regained strength, and 
on the following day appeared almost in normal condition. Then the 
bird was fed with normal diet for 10 days, after which a rice diet was given. 
On the 34th day, symptoms returned, and 52.7 mg. of water extract of 
carrots in 1.5 cc. of water were administered. On the 2nd day, the con- 
dition of the pigeon was a little better, but it died on the 4th day without 
marked improvement in the meantime. 

Experiment ^.—On the 20th day, Pigeon 4 showed symptoms of fioly- 
neuritis and 69 mg. of water extract of carrots in 1.5 cc. of water were 
administered. Within .30 minutes the bird was practically able to stand 
upright and walk, and its neck was no longer retracted. For 10 days 
from the following day normal diet was fed ; then the diet was changed again 
to white rice and water. On the 22nd day, paralysis again appeared, and 

34.5 mg. of water extract of carrots in 1 cc. of water were injected. On 
the following day the condition was improved, but the neck remained re- 
tracted. On the 2ud day, the bird appeared in fine condition; the neck 
was no longer retracted. On the 3rd day, it was in almost a normal con- 
dition. ( )n the nth day the disea.se reappeared, and 09 mg. of water extract 
of carrf)tfi in I ce. of water were administered. During the next 2 days the 
pigeon improved and was able to walk ui)right, but died on the 3rd day. 

Experiment 4. On the 42nd day. Pigeon 1 showed the recognized symp- 
toms, and 52.7 mg. of water extract of carrots in 1.5 cc. of water were in- 
jected. The bird died within 10 minutes, witliout any sign of improvement. 

Experiment 5. On the 30th day, Pigeon 2 showeci the sjunptom.s of 

polyneuritis. 2.4 mg. of crystals from yeast preparation in 1.5 cc. of water 
were administered. The bird died 2 days later without showing much 
improvement. 

Experiment 6. -On the 35th day, IHgcon 3 showed .symj)toms of polyneu- 
rit is. 124 mg. of alcoholic (‘xtract of carrots in 1 cc. of water w(‘ro in- 
jected, hut the bird died during the night. 

Experiment 7. --On the 19th day. Pigeon 7 slanved symptoms of poly- 
neuritis, with partial purulysLs of the legs and retraction of neck, and 52.7 
mg. of water extract of carrots in 1.5 cc. of water were administered. On 
the following day, the bird appeared to be in better condition. On the 
second day, it was almost normal, and the neck was no longer retracted. 
The disease reappeared on the 21st day after the first injection. At 1 
p.ni,, 52.7 mg. of water extract of carrots in 1.5 cc. of water were admin- 
istered. 4'he bird died during the night without having showed any signs 
of improvement. 

Experiment 8. - On the 43rd day, Pigeon 8 showed the characteristic 
symptoms of polyneuritis, and 75 mg. of alcoholic extract of carrots in 1 
cc. of water were administered. On the same day the condition was 
much better, but the bird died on the 2nd day without further improvement. 

Experiment 9, — On the 32nd day, Pigeon 14 rolled about in the cage 
with marked paralysis of legs. 87 mg. of alcoholic extract of carrots in 

1.5 cc, of water were injected. On the following day, the condition re- 
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mained the same. On the 3rd day, 3.5 mg. of crystals from the yeast prepa- 
ration in 1.5 cc, of water were administered, but the bird died during the 
night. 


DISCUSSION AND CONCLUSIONS. 

Our experimental results are not extensive, but they show 
clearly that the extracts of fresh carrots and crystalline sub- 
stances from yeast preparation may cure polyneuritis in pigeons 
in those cases where the disease has developed quickly; namely, 
in about 20 days. However, these same substances did not 
prevent the polyneuritic pigeons from death, if the symptoms 
appeared more slowly. 

In this connection we quote a statement of Williams,*^ since our 
observations are quite similar to his: 

Since forced feeding was not resorted to on account of the time neces- 
sary to care for a large number of birds in this way, it was occasionally 
the case that pigeons became weak and emaciated before the characteristic 
symptoms developed to the desired point. Such cases are not of course 
strictly comparable with those of sudden development in which the ani- 
mals retain a great deal of their original strength and vigor, though losing 
muscular control, and a measure of uncertainty is thereby introduced in 
occasional cases. 

The writer wishes to express his great appreciation to Dr. Stan- 
ley R. Benedict of the Cornell University Medical College and 
Miss Ruth C. Theis of Memorial Hospital, New York, for their 
helpful advice and suggestions in carrying out these experiments. 



THE DIETARY PROPERTIES OF THE POTATO. 


By E. V. McCOLLUM, N. SIMMONDS, and H. T. PARSONS. 

{From the Cfiemical Laboratory of the School of Hygiene and Public Health 
of the Johna Hopkins University, Baltimore.) 

(Received for publication, August 22, 1918.) 

Dietary Properties of Potato, 

The potato yields considerably less per acre than do most of the 
common root crops, ("arrots and beets usually produce about 
twice as much dry matter, and turnips and parsnips at least a 
third more. The potato, which is morphologically an underground 
stem, has nevertludess found much greater favor as a human food 
than any of the root crops mentioned. This has been attrib- 
uted, and probably correctly, to the lack of flavor in the potato, 
which makes it possible to confer palatability upon it by the addi- 
tion of milk, butter, and cream, salt and i)ep[>er, or by frying in 
fats. All the edible roots commonly used as human foods in 
iVmerica possess pronounced flavors, and these do not seem to 
appeal to the appetite when regularly used in tin* di(^t. The sweet 
potato, w'^hich has little flavor other than sweetness, is the near- 
(^st competitor of the white potato. On teleological grounds it 
might be assumed that the special favor in w-hich this tuber is 
h(dd, is the result of some special value wdiich it possesses from a 
nutritive standpoint, which has been unconsciously recognized 
by man in the course of his long familiarity with the two tyi)es of 
potatoes. 

There are indeed some experimental data which seem to indicate 
that the nitrogen-containing compounds of the potato possess 
extraordinary value as a source of the cleavage prodm^ts of pro- 
tein. Hindhede (1) reports having maintained nitrogen equilib- 
rium in men during periods as long as 27 to 97 days with a diet 
consisting solely of potatoes and margarine (reported to be prac- 
tically nitrogen-free). There were very small additions of other 
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articles to the diet but they were so small and irregular that 
they wore left out of consideration by the author. 

Thomas (2) attempted, by experiments on an adult, to deter- 
mine the relative biological values of the proteins of a number of 
the more important human foods. A critical examination of his 
protocols fully justifies the conedusion of Rose and Cooj:»er (3) 
that the evidence does not warrant the acceptance of his values 
as an actual quantitative comparison of the foods he employed. 
Thomas asserts that in man the proteins of milk and of meat can 
replace the tissue protein lost through metabolic processes, to the 
extent of about 100 per cent. Maize and wheat proteins in the 
mixtures in which they occur in the kernels, were found by 
Thomas to be capaVile of replacing respectivfdy 29.5 and 39.5 
per cent of their weight of tissue proteins. On th(^ same scale he 
assigned to the nitrogen of the potato a value of 83, indicating 
th(i belief that potato nitrogen has about twice the value of the' 
nitrogen of wheat. 

Rose and Cooper (3) have amiily confirmed these results with 
respect to the potato, in a well (controlled experiment in which a 
young woman remained in nitrogen equilibrium duiing a 10 day 
period on a diet consisting solely of potato, butter fat, and sugar. 
The subje(ct weighed 50 kilqs, and took during the first 5 days 4.52 
gm. and during the last 5 days 4.97 gni. of nitrogen dail}", this 
being derived entirely from potato. The results of the investiga- 
tors mentioned are all in hamiony in ascribing to the nitrogen 
of the potato a biological value considerably greater than that 
found by McCollum and his coworkers for any of the protein 
mixtures contained in the more important seeds employ(*d as 
human foodstuffs. 

We have made a study of the dietary properties of th(* white 
(Irish) potato by the method which we have employed during the 
last 3 years for the biological analysis of the foodstuffs. This 
consists of feeding the single natural food alone, and with single 
and multiple, additions of purified food substancc^s; viz.^ inorganic 
salts, protein, and fat-soluble A. Our experiments relate to the 
properties of the potato as a food for the young rat during the 
growing period, as contrasted with those of the other investiga- 
tions referred to, in all of which the problem involved the main- 
tenance of nitrogen equilibrium in the adult. 
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The results of our studies are described in ( 'harts 1 to 7. They 
show that the dietary properties of the potato closely resemble 
those of the cereal grains. In this tuber the first limiting factor 
for growth is the relative shortage of the (derntmts, ^alciuni, 
sodium, and chlorine, as has been found to be the case with the 
seeds thus far examined. The content of fat-soluble A is too 
low for the promotion of nutrition at the optimum, and the bio- 
logical value of the nitrogen which it yields seems to be of the 
same order as that of the cereal grains. Our result s on the value 
of th(^ potato nitrogen for growth placre it in a very different light 
from those r(‘ported b}^ other investigators who have observed 
its valium for the maintenance of nitrogen ecpiilibriuin in the 
adult . 

In those (‘xperinients in which the diets supplied protein 
(NX 6.25) c(jual to 7 to 8 per cent of the food mixture*, and this 
all dt'rived from the potato, and the otlu'r dietary factors were 
approximately satisfactorily adjusted, growth took pla(*e very 
slowly or not at all, individual animals showing somewhat dif- 
f(*r<mt capacity to make use of the diet ((diart 3, Lot 1283). We 
ljav(* cTsewhere di^scribed about th<^ same rate of growth in young 
rats, fed a, diet which was fairly satisfactorily constituted in 
wvry respect, exc(‘pt in the protein factor, the content of the 
lattcn- being but 7 per cent of the food mixtine and derived solely 
from tlu^ maize kernel (4) and from the wheat kernel (5) respec- 
tively. Thai t he (piality of the protean in all these diets was the 
limiting factor was d(?monstrated by other exfwriimuits in which 
the diets were similar in every resi)ect except that a portion of the 
carbohydrate was replaced by the purified protein casein. This 
modification of th(^ diets led to rapid growth, and the appearance 
of every indication of good nutrition in the animals. It seems 
necessary to conclude from these results that for growth the 
nitrogen of the potato is of no greater value than an equivalent 
amount of protein from one of these cereal grains. This conclusion 
necessitates the assumption that there is nothing in the potato 
which exerts an appreciable depressing effect on the animals, a 
possibility which we have not entirely eliminated by our experi- 
mental procedure. There is, however, good reason to believe 
that a high consumption of potato does not cause marked injury 
to growing animals when fed continuously over a long period. 
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The inorganic content of the potato differs from that of the 
cereal grains in marked degree only in respect to potassium. The 
analyses of Forbes (6) show 1.89 per cent of K in dry potato^ as 
against^ 0.5, 0.36, and 0.36 per cent for wheat, oatmeal, and 
corn grains respectively. There are no data available which 
make it possible to state whether this high content of potas- 
sium is in some degree detrimental when taken regularly, as in 
these experiments. 

It should be emphasized that we are discussing the value of the 
total nitrogen of the potato, only 63 per cent of which is reported 
as true protein, the remainder consisting of simpler nitrogenous 
compounds, which may not consist entirely of complexes yield- 
ing amino-acids when digested. It remains for future investiga- 
tions to show whether or not the coagulable nitrogen of the 
potato, or the true proteins have a higher biological value than 
have those of the cereal grains. 

It should be pointed out further that this principle also ap- 
plies to our studies on the values of the proteins of the cereal 
grains. We employed only the entire mixture of proteins as they 
exist in the seeds. The results of such studies may not be the 
same when a portion of the nitrogenous compounds of the seeds 
are isolated and fed separately, or in agreement with results ob- 
tained by supplementing tne limited protein content of the seed 
with a concentrated protein preparation obtained from the same 
seed in order to obtain higher intakes of protein from a single 
source. The# well known supplementary relationship between! 
proteins which yiedd different proportions of certain amino-acids, 
should serve to invalidate results obtained by such a procedure as 
representing true comparisons of the relative biological values of 
the proteins of one foodstuff as compared with those of an- 
other, The relatively low content of protein in all the cereal 
grains makes it impossible to compare their values except at rela- 
tively low planes of protein intake until the problem shall be 
solved of isolating the total content of nitrogenous compounds from 
the greater portion of the non-nitroge«ous constituents of the 
natural foods being studied. 

The extent to which records of nitrogen intake and output in 
the adult may be interpreted to indicate the biological values 
of J(he proteins of the diet for the support of growth, deserves 
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careful consideration. This type of data, under conditions de- 
signed to show the minimum amount of protein from a given 
source which can replace the endogenous loss, ha^ been fre- 
quently presented by investigators, and the results have been 
taken to constitute a comparison of the relative biological values 
of the different foods employed w'ith respect to protein. It is 
imperative in the light of the very high values reported for po- 
tato nitrogen in experiments where maintenance of nitrogen 
equilibrium in the adults was determined, as contrasted with 
our much lower values for this nitrogen for the support of growth, 
to examine carefully the problem of whether the processes of 
maintenance {i.e, repair of endogenous nitrogenous loss) are of 
esscmtially the same type as those involving growth. McCollum 
(7) has reported data whi<*h support the idea that even such in- 
complete proteins as gelatin or zein, when fed as the sole source 
of nitrogen, are not without some value for the purpose of re- 
placing nitrogen lost through endogenous catabolism. It is 
profitable in accounting for the discrepancy between the apparent 
values of the nitrogen of the potato for maintenance as con- 
trasted with growth, to consider some of the possible expla- 
nations as to the utilization of the incomplete^ ^ proteins for 
partial replacement of the nitrogen lost through endogenous 
catabolism. 

It is now well established that during fasting the content of 
amino-acids in the blood is kept remarkably constant (8) t hrough 
the sacrifice of muscle tissue as a sour(!e of the cleaMp,ge products 
of protein. When an animal is fasting or taking a diet furnish- 
ing only an incomplete protein, it is still necessary that the 
glandular organs continue to form such special products as the 
hormones which must be constantly contributed to the blood 
stream in order to correlate the physiological activities of th(^ 
•several tissues of the body. In the formation of these there is a 
demand for special amino-acids, presumably tyrosine for the 
formation of adrenalin, tryptophane for the formation of the 
active substance of the thyroid, etc. The selective action of the 
glands in using up several amino-acids from the complete list 
which is fonned by the hydrolysis of muscle proteins would 
leave an incomplete mixture circulating in the blood. The forma- 
tion of such special products as protamine or histone in the de- 
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velopinent of spermatozoa illustrates another type of special 
activity of a gland which calls for a disproportionately large 
amount of certain amino-acids — in this case arginine, histidine, 
and lysine — and should, theoretically, leave behind in the blood 
an incomplete series of monoamino-acids. Under such circum- 
stances, the situation might arise in the feeding of a diet con- 
taining an incomplete protein, that the series of amino-acids 
absorbed from the fdimentary tract should be supplemented by 
those cleavage products already circulating in the blood so as 
to make a complete mixture capable of being utilized for the re- 
placement of a certain amount of the protein degraded through 
endogenous catabolism. In an analogous manner it is theo- 
retically possible that in certain cases, where the proteins of the 
food are of low biological value, their quality may be improved 
to a slight extent through the re utilization of the unused quota 
of amino-acids which remain after the draft by certain glandular 
tissues upon the list of thes(' circulating in the body fluids. It. is 
possible that the protein of the potato may fulfil these condi- 
tions, and therefore actually be of d(*cidedly greater value for 
maintenance as contrasted with growth. When growth takes 
place, this peculiar supplementary relationship between the 
unused quota of amino-acids just mentioned could be of but 
slight importance since the magnitude of the endogenous metab- 
olism is small. 

Little is known about the nature of the proteins of the differ- 
ent body tipiues. It is not possible therefore to judge to wdmt 
extent the different glandular organs and other specialized tissues 
in their normal functioning would require the same proportions 
of the several amino-acids for their nutrition, as are yielded 
by the muscle proteins when the latter are hydrolyzed for 
the maintenance of a normal supply of these in the blood. It is 
hardly probable that the proteins of the glandular organs, with 
their highly specific functions, and the proteins of the nervous 
tissues, should at all closely resemble each other in the propor- 
tions of the different amino-acids which they yield. The great 
difference in the content of glycocoll in the collagen of the inert 
cartilage as contrasted with the very small amount of this com- 
plex in the proteins of the muscle is an illustration in point. Even 
in the nourishment of the more indispensable tissues of the body 
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at the expense of the partially dispensable muscle, there may re- 
main an unused quota of amino-acids which can be reutilized 
tOReth(?r with a supply of protein digestion products which ai-e 
incomplete or relatively so. 

It is of great importance to determine the extent to which ex- 
perimental trials based on the maintenance of- nitrogen equilib- 
rium in the adult with minimal intakes of nitrogen agree with the 
result of studies on th(^ relative biological values of the same 
proteins for growth. Failure of such comparative studies to give 
concordant results in any case seems to ntM^essitiite the accept- 
ance of souHi such explanation as that desc,ribed above. 

In order to compare th(‘ biological values of piotcirus from dif- 
ferent, sources, it is necessary, therefore, to make such (^om|)arison 
on the basis of data obtained in experiments in which lliere is 
determined th(‘ low(*st, l(*vel of nitrogen fioin the s(n"(‘ral sources 
required to sup})ort grmvth at a ({('finite rale. Maintenance ex- 
periments will not take the place of studi(‘s on growth. 

The valiK' of the* potato with n^spect to its content of fat-sol- 
uble A is about the same a.s that of the (*ereal grains. Hats have 
been observed to grow fairly well, and produce young, and to 
reach the age of 10 months without the development of xeroph- 
thalmia on diets in whicdi the sole source of this dietary essential 
was 80 to 00 per cent of cooked dried potato. With diets consist- 
ing of potato suppkmiented with ca.sein and inorganic salt.s, rats 
have not lieen able to rear young. On diets deprived from a 
cereal grain, casein, and the same salt mixture, on tlii^ other hand, 
young have been reared. This does not necessarily mean that 
the seeds are richer in the dietary factor fat-soluble A than the 
potato. Small differences in the values of oik' or more of the 
other factors in the diet would account for the observed differences 
in quality, which are slight, between (jereal and potato rations. A 
comparison of Charts 4 and 5 shows convincingly that the con- 
tent of fat-sohible A in the potato is below the optimum, sin(*e a 
mixture of dried potato, casein, and salts is distinctly enhanced 
in its dietary properties by the addition of butter fat. 

Cooked dried potato is supplemented by the addition of purified 
protein, sodium chloride, calcium carbonate, and a fat containing 
fat-soluble A, so as to be satisfactory for the support of growth 
at about the normal rate, and to induce reproduction and the 



204 Dietary Properties of Potato 

rearing of some of the young. The mortality of the young was 
high, and the fertility of the adults was decidedly below the 
normal. Young from these rats have grown at the normal rate 
for about 3 months after weaning, when confined to the diet to 
which their parents had been restricted throughout life (Chart 5) 
and one has given birth to three young. 

The potatoes employed in the feeding experiments described 
were steamed until thoroughly cooked. They were then dipped 
in cold water long enough to make it possible to handle them, 
and the skins were removed. They were immediately passed 
through a ricer and allowed to fall upon cheese-cloth. The latter 
was supported upon wire cloth frames. The riced potato was not 
disturbed, and was so disposed that air could circulate through 
it. It was dried in a current of warm air at a temperature of 
about 60®C., and ground. 

As in all our feeding experiments conducted during the past 5 or 
6 years, all the ingredients of the food mixture were ground to- 
gether so finely that it was impossible for the animals to pick out 
any single constituent. This was fed in a special device which 
prevents the animals from scattering or otherwise wasting the 
food and permits keeping quantitative records of the food intake. 
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Chart 1 . Lot 1917. These curves show the results of feeding young rats 
solely upon cooked dried potato. The potato, like the cereal grains, is 
deficient in three respects; in a shortage of calcium, sodium, and 
chlorine, in the quality of its protein, and in a relative shortage of fat- 
soluble A. At the end of the experiment these rats were not in good con- 
dition, but there were no baldness nor skin infections. The consumption 
of food by the group averaged 5.2 gm. per day for each rat throughout the 
experiment. 

Lot 1925. In Period 1 the animals wore unable to grow on a diet con- 
sisting of cooked dried potato supplemented with purified protein casein. 
After 10 weeks suspension of growth, there was an, immediate response 
on the addition of a simple salt mixture, which consisted of sodium chloride 
and calcium carbonate. The preliminary period of stunting, together 
with the relative shortage of fat-soluble A, forms sufficient reason for their 
early failure. These animals did not suffer from xerophthalmia. During 
the first i)eriod, these rats consumed each 4.5 gm. of food })er day; during 
the second period 8 grn. each i;)er day. 

X « animal died, 
y ** birth of young. 
cfN * normal growth of male rat. 

9N « ** ** ** female ** 
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Chart 2. Lot 1926. In Period 1 the rats were unable to i^row on the 
diet of potato and butter fat. There was a distinct response in Period 2, 
on the addition of the inorganic elements, sodium, chlorine, and calcium, 
in which the potato is poor. The response was not rapid or j>ronounced 
because of the deficiency and poor quality of the protein content of the 
diet. This diet contained nearly 8per cent of protein (NX6.25). With the 
same amount of nitrogen from the maize or wheat kernel, somewhat bet- 
ter growth can be secured w’hen the same dietary deficiencies are corrected. 
Loss of hair, emaciation, and general poor condition W’ere characteristic of 
the group. There was, however, no soreness of the ears, tail, or skin. 
The average consumption of food i)er rat was 5.6 gm. per day during the 
first period and 7.5 gm. per day in the second period. 

Lot 1924. These records show that the nitrogen compounds of the 
potato are a complete source of amino-acids, but that they have no very 
high value for the support of growth. Without tlio salt additions no 
growth could be secured (Chart 1). It is of interest to note that none of 
these rats suffered an attack of xero])hthalmia, indicating that the potat o 
contains a considerable, but insufficient amount of fat-soluble A. This is 
further emphasized 4by a comparison of Charts 4 and 5. These rats (Lot 
1924) were very irritable and timid. When transported from the cage to the 
balance for weighing they were with great difficulty prevented from escap- 
ing, since they were extremely watchful and would jump out instantly 
when the box was opened. In the case of the male, which failed to grow, 
and died early, the j)enis protruded to its full length persistently. We 
have not infrequently observed this condition in male rats suffering from 
faulty nutrition. The average consumption by these rats was 0.8 gm. |jer 
day per rat throughout the experiment. 
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fut-solul)le A (ill but tor fjit). 'Tho low contont of calcium, sodium, and 
chlorine forms tin? first lirnitinii; factor in the dietary dtificiencies of the 
potato. We have fr<u|uently observed that animals which have b(‘en 
temporarily sfunttMJ by reason of a faulty diet fail to respond with growth 
on the I’orrection of the diet by suitable additions. In this group) the 
addition of a salt mixture after 8 weeks suspension of growth did not lead 
to growth. Evidently tlie animals were injured by this diet in a much 
greater ih'grei' tlian on certain other diets wdiieh likewise fail to .support 
growth, for n some instances there is a j)rompt response with growth as 
soon as the faults in the diet are corrected. It should be noted that these 
animals ale daily over a long period a much greater pro})ortiori of piotato 
tluin would ever he consumed when a mixed diet ie employed. Under 
such circumstances there may be an accumulative effect of any injurious 
factor in I be course of time. There is much direct evidence that if there 
is anything injurious about the potato it is no greater than in many other 
of our wholesome natural foodstuffs. It is remarkabh* that on the addi- 
tion of th(^ salt mixture in Period 2, there was no response with growth, 
notwithstanding the fact tliat the <liet in this })eriod was identical with 
that of Lot 1283 ((.Miart 3), Period 2. We have frequently observed fail- 
ure of animals to grow on correcting the errors in the diet. The average 
food consumption j>er rat pjer day throughout the experiment was "> gm. 

Lot 1283. In Period 1 growth took place very slowly or not at all on t he 
diet of piotato, salt.s, and fat-soluble A (in butter fat). In certain case.s 
we have seen better growth on potato and salts alone (Chart 2, Lot 1924), 
than was secured in any of the animals in this group. In Period 2, there 
was a prom})! response with grow’th in all cases on the improvement of tlie 
protein content of the diet by the addition of casein. Two females have 
produced three Utters (10 young). One litter of two was promptly oaten 
by the mother. The remaining Utters W'cre successfully weaned and two 
of the second generation are growing normally on the diet (see curves of 
second generation). C/onsidering the fact that these rats wore com- 
pletely stunted during a period of 19 weeks, their subsequent records 
indicate that the di^t of Period 2 must be fairly satisfactory, notwdth- 
j^tanding its very high content of potato. During the first period these 
rats ate G.9 gm. of food per day per rat. 
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Chart 4. Lot 1287. This lot is of interest in comparison with Lot 
1283, Chart 3, whose diet in Period 2 differed only in that it contained 
butter fat (fat-soluble A), Lot 1287 was able to grow at a fairly good 
rate on the diet of potato, casein, and salts, but the reproduction records 
fell decidedly below that of Lot 1283, even though the latter had been 
stunted because of unsatisfactory protein supply during 133 days before 
the diet was rendered complete. The two Jitters of young produced by 
one of the females were allowed to die within a short time afterbirth. A 
comparison of this chart with Chart 5 further shows that the diet of Lot 
1287 was greatly enhanced by the addition of butter fat. None of these 
rats suffered from xerophthalmia, but were very old and rough looking 
at the close of the experiment. The average consumption of food was 
8.26 gm. per rat per day. 



Chart 5. Lot 1285. These records show, when compared with Chart 4, 
that the potato does not furnish the optimum amount of fat-soluble A. 
The diet of Lot 1285 was like that of Chart 4, Lot 1287, except that the 
former contained 3 per cent of butter fat. With the diet of Lot 1285 growth 
was distinctly better than on the latter, and the reproduction records 
greatly superior. Of six litters (thirty-one young) produced by the 
three females, four litters (nineteen young) have been successfully weaned. 
Two individuals of the second generation are growing satisfactorily on the 
diet (see curves of second generation). •» 




McCollum, Simmonds, and Parsons 209 





CiiAKT 0. Lot 1286. These records are of interest in comparison with 
those of C’hart 5, Lot 1285. 'I’he diet of Lot 1285 contained 10 per cent of 
casein, whereas that of Lot 1286 contained 5 per cent. There is no room 
for doubt that the higher level of casein serves best to promote the well- 
being of the animals, but the addition of 5 per cent to the proteins of the 
potato served to enhance greatly the value of the latter. Three young 
were reared from three litters (nine young). The average consumption of 
food was 11.1 gm. of food per day per rat. 
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Chart 7 . Lot 200L These records show that the adult rat can take a 
diet 94.5 per cent of which is dry potato, and remain in apparent good health 
over several months. These rats were about 9 months old when they were 
placed on this diet, and some are still in fair condition after 9 months on 
this monotonous food mixture of dry cooked potato, salts, and fat'Soluble 
A (butter fat). One female is now very emaciated, and has lost most of 
its hair; the skin appears normal. They are all prematurely aged in ap- 
pearance although only half through the ordinary span of life of the well- 
fed rat. This observation haftnonizes with those which wx* have previously 
made; that restricting an animal to approximately the actual minimal 
amounts of any dietary factor, which just cover its needs, will be followed 
by early signs of deterioration. # 

These rats were noted to be in excellent condition 9 weeks after the 
beginning of the experiment. Such a result suggests great caution in 
arriving at the conclusiQn that maintenance experiments in the adult 
even though of a somewhat prolonged character, demonstrate the satis- 
factoriness of a diet because no untoward results are apparent. Main- 
tenance on 8 per cent of potato protein (N X 6.27) compares favorably 
with that obtained with a diet properly adjusted but containing only 7 
per cent of wheat or oat proteins (unpublished data). 




THE DECREASED PLASMA BICARBONATE DURING 
ANESTHESIA AND ITS CAUSE. 


A REPORT OF PLASMA COj, BLOOD AND URINE KETONE, AND 
BLOOD CATALASE ANALYSES IN OPERATIVE PATIENTS.* 

Hr STANLEY P. REIMANN and GEORGE H. BLOO.M. 

{From the Departments of Pathology of the University of Pennsylvania and 
of the Lankenau Hospital^ Philadelphia.) 

(Received for publication, June 17, 1918.) 


INTRODUCTION. 

Caldwell and Cleveland,^ Cannon,® and others have observed 
that anesthesia and operation are followed by a decrease in the 
bicarbonate content of the blood plasma. The cause of the de- 
crease has not been demonstrated. On the basis of present knowl- 
edge, three hypothetical explanations maj" be proposed. 

(1) Since acetone bodies are demonstrated in the urine,’’ 
sufficient quantities of jfif-hydroxy butyric and acetoacetic acids 
may be fonned to deepmpose the bicarbonate that disappears. 
In this case the acetonh bodies might be retained in the body, 
but they might also be excreted in the urine, taking with them 
the alkali with which they had combined in the body. 

(2) Organic acids other than the acetone bodies may be 
formed and assist the latter in lowering the blood bicarbonate. 

(3) The fall in bicarbonate may be due chiefly, not to any acids, 
but to the transfer of bicarbonate from plasma to body cells as a 
result of the increased ventilation during anesthesia. Artificially 

* Preliminary report read before the Pathological Society of Philadel- 
phia. March 28, 1918. 

* Caldwell, G. A., and Cleveland, M., Surg.f Gynec. and 06s/., 1917, 

XXV, 22. • 

* Cannon, W. B,, J. Am. Med. A«sn., 1918, Ixx, 531. 

* Reicher, K., Z. klin. Med,, 1908, Ixv, 235. 

* Bradner, M. R., and Reimann, S. P., Am. J. Med. Sc., 1915, cl, 727. 
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increased respiration has been recently shown by Henderson and 
his associates® to lower not only the free carbonic acid, but also 
the bicarbonate of the blood, the latter shifting from blood plasma 
to cells when the free carbonic acid is lowered l)elow normal limits. 
In this special condition the blood bicarbonate is no longer a 
measure of the total body bicarbonate, and a lowering of the blood 
bicarbonate does not indicate a decrease in the alkaline reserve 
of the body. 

The present work was undertaken to obtain data which vrould 
give some indication as to whether one of the above factors or a 
combination of them causes the decrease of the bicarbonate ob- 
served during anesthesia and operation. In case the increase of 
acetone bodies in the blood should prove sufficient to account alone 
for the fall in bicarbonate, the other two factors would be demon- 
strated to be of, at most, minor importance. 

Accordingly, quantitative estimations of the total acetone 
bodies'' (acetone, acetoacetic acid, and iCJ-hydroxy butyric acid) of 
the blood were made before and after operation in (K) patients 
from the clinic of Dr. John B, Deaver, to whom we express our 
thanks for his cooperation and for the clinical data. Bicar- 
bonate determinations on the plasma were carried out at the 
same time. 

Technique. 

About 20 cc. of blood were drawn a fe^ hours before operation 
from a vein in the bend of the elbow, with due precautions to pre- 
vent stagnation. Powdered potassium oxalate was used to pre- 
vent clotting and paraffin oil to prevent escape of CX )2 in the saanple 
for CO 2 estimation. For the latter, the blood was centrifuged 
immediately and the plasma saturated with a mixture of 5.5 i;)er 
cent C 02 'in air from a tank, and analyzed for CO 2 with the 
apparatus and according to the technique of Van Slyke.® Ile- 
sults are expressed in cc. of CO 2 at 0° and 760 mm. pressure per 
100 cc. of plasma. For the “total acetone body" detennina- 
tions, 10 cc. of whole blood were analyzed by the method of Van 
Slyke and Fitz,^ The results express the sum of acetone, aceto- 

^ Henderson, Y., and Haggard, H. W., J. Biol. Chem.f 1918, xxxiii, 333, 
346, 355, 365. 

"Van Slyke, D. D., J. Biol. Chem., 1917, xxx, 347. 

^ Van Slyke, D. D., and Fitz, R., J. Biol. 1017, xxxii, 495. 
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acetic acid, and jS-hydroxyhutyric acid in terms of mg. of ace- 
tone per 100 cc. of blood. The patient\s clinical history was 
noted, the manner of taking the anesthetic, and the operation and 
findings were added. The duration of anesthesia Avas counted in 
minutes from the administration of the first drop until the gauze 
was removed, the open drop method of anesthesia being used. 
A .second sample of blood was then obtained and subjected to the 
same analyses. Ob.servations of the postoperative condition 
were the final steps. Ether was the anesthetic in all but one case, 
in which nitrous oxide was used. 

Quantitative determinations of the ketone excretion in the urine 
were performed in twcnity-eight cases by the technique of Van 
Slyke.'* The (piantiti(^s expressed an* the amounts excreted in 
24 hours after the last voiding, which was performed immediately 
Ixd'ore operation. They represent, therefore, the total amount 
excret(Hl 24 hours after the beginning of anesthesia and operation. 

Tin? percentage of excretion of phenolsulfoneplilhalein is ap- 
peniled in a few cases. 

Determinations of the catalase content of the blood were per- 
foniK'd before and after operation in twenty-seven cases for pur- 
poses to be discussed below. The technique was the well known 
one of adding a standard amount of blood to a standard amount of 
hydrog(*n peroxide and collecting the evolved oxygen in an in- 
v('rted burette during a standard time interval. 0.5 cc. of blood 
were used, 50 cc.of hydrogen peroxide plus about 200 cc. of water; 
the time was 10 minutes. The bottle containing the blood and 
hydrogen peroxide was placed in' a water bath at 37° during the 
collection of the oxygen. Results are expressed in cc. of oxygen 
at 0® and 760 mm. pressure. 

Calcuktions of the tlieoretical decrease in CO 2 corresponding 
to the increase in ketones, calculated as acetone in m ^concentra- 
tion, are in the table. 

A very definite increase in the amounts of ketone bodies in 
the blood occurred during anesthesia and operation. (For nor- 
mal figures, Van Slyke and Fitz’' have given up to 1 to 2 mg. per 
100 cc. Many of our patients wece young men in the best of 
health except for a hernia or varicocele, and some were operated 


* Van Slyke, /► BioL Chem,, 1917, xxxii, 4S5. 
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W- 


TAMm 


I\ 

& 

<! 

1 

Bod;y 

condition. 

1 

Duration of 
illness. 

Symptoms, operations, and findings. 

i 

i 

Postopemtlv« 

symptoms.*' 

1 

35 

F. 

Stout. 

4 yrs. 

i 

Frequency of urination; swell- 
ing of abdomen. Myoma 
uteri, super vaginal amp. Left 
salpingo-oophorcctomy. Ap- 
pendectomy. 

Nausea ' 
vomiting, 

2 

31 

M. 

it 

9 

Left inguinal hernia and vari- 
cocele. Radical operation. 

i None. 

i 

3 

28 

F. 

t< 

3-4 rnos. 

Menorrhagia. Dilatation and 
curettage. 

a 

4 

30 


Moderate. 

Several 

yrs. 

Pain in epigastrium ; belching of 
gas; attacks with jaundice. 
Cholecystectomy. 

Much gas. 

5 

28 

1 

M. 

u 


Left inguinal hernia. Radical ' 
operation. 

Vomited once, 
much bejeh'* 
ing. 

6 

16 

F. 

Thin. 

2 yrs. 

Pain in lower right abdomen; 
vomiting.' Tuberculosis of 
cecum; resection and ilco- 
colostomy. 

Model’ a t e 
shock. 
Gradual de- 
cline. Died 
in 3 wks. 

7 

41 

M. 

Small. 

— 

Right inguinal hernia. Radical 
operation, aiipendectoiny. 

.None. 

8 

28 

F. 

Musculnr. 

3 yrs. 

1 Swelling of neck 3 yrs. ; slight 
dysfinea. Partial thyroidec- 
tomy. 


9 

64 

i 

M. 

Thin. 

1 yr. 

Dysuria. Prostateciomy. 

[ 

Slight shock. ’ 
Vomited 
several : 

times. 

*10 

28 


Muscular. 

9 days. 

Severe attack, "frozen.'' Ap- 
pendectomy with drainage. 

None. 

11 

70 

F. 

Thin. 

3 inos. 

Carcinoma of tongue. Resec- 
tion of half of tongue. 


12 

49 

(( 

' Very small. 

4 yrs. 

Fibroma of wrist. Excision.' 


13. 

26 

M. 

Thin. 

22 days. 

! 

Lobar pneumonia. Empyema 
oh 22nd day. 

“ Verjif 

slow eonyttr ^ 
lescence. 

— 1 


^Except where noted there wai no ahook and the convaleaoence waa rapid. 






216 


S. P. Reimann arid G. H. Bloom 


Anestheaia. 

COa 

Ketones. 

Differenoes. 

,0 

Cata- 

lase. 

Urine 










d.s 



«> 

|fe 

d 

RflBpiration. 

Duration. 

« 

0 


£ 



i 

a 

0 

II 

£ 


III 




a 

3 

i 


8 

« 

W 

J3 O 

H 

© 

PQ 


^ ea 



min. 

cc. 

cc. 

mg. 

mg. 

cc. 

mg. 

cc. 

cc. 

cc. 

gm. 

per 

cent 

i Much mu- 

Gas 

1 

73.3 

59.9 

37.7 

45.5 

13.4 

7.3 

2.8 





cons; deep 

Ether 50 












snoring; 

oxygen 

given. 














Smooth. 


;i5 

72.0 

61 . 4 

3.8 

9.8 

11.5 

6.0 

2.3 

186 

373 

0.267 


« 

tt 

20 

74.6 

59.8 

18.7 

30.6 

14.8 

11.9 

4.5 





Very Minootli. 

(( 

37 

74.0 

42.8 

18.6 

35.8 

31.2 

17.2 

6.6 





Smooth. 

it 

45 

74.3 

67.1 

6.0 

35.3 

7.2 

29.3 

11.3 



1.306 


u 

(S 

50 

75.8 

48.7 

19.8 

49 0 

27.1 

29,2 

11.2 

185 

325 



a 

it 

65 

80.5 

61.8 

10.5 

21.8 

18.7 

11.3 

4.3 

1 


0.208 



, “ 

30 

50.5 

47.3 

6.8 

H.4 

9.2 

4.0 

1.7 







36 

81.5 

62.6 

1.3 

10.2 

18.9 

8.9 

3.4 

409 

372 




'll 













it 

« 

48 

81.5 

65.5 

8.5 

20.9 

16.0 

18.4 

7.1 

419 

325 

1.214 


Smooth ex- 

tt 

39 

75.8 

65.3 

4.1 

22.7 

10.5 

18.6 

7.1 

440 

334 

1.371 


cept for 

tongue dif- 
ficulty. 
Smooth. 

tt 

18 

i 

78.0 

66.4 

6.0 

11.2 

12,2 

5.2 

2.0 





Struggling. 

Gas 

14 

86.2 

62.7 

4.8 

17.9 

13.5 

13.1 

5.0 

255 

231 

0.840 
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TABLE I- 


Case No. | 

i 

< 

1 

Body 

oondition. 

Duration of 
illness. 

Symptoms, operations, and findings. 

Po8tope»tiv9 

Aymptomt.* 

14 

52 

F. 

Stout. 

6 yrs. 

Pain in epigastrium with vomit- 
ing and jaundice. Several 
attacks a year ago. Chole- 
cystectomy; appendectomy. 

Some bleed- 
ing from in- 
cision. Ap- 
oplexy and 
death on 
25th day. 

15 

54 

M. 

Thin. 

8 “ 

Upper right abdominal pain 2-3 
hrs. after meals. Much in- 
digestion. Duodenal ulcer. 
Excision of ulcer and poste- 
rior gastroenterostomy. 

None. 

16 

25 

it 

Muscular. 

Many 

yrs. 

Left varicocele. Radical opera- 
tion. 

(( 

17 

41 


Moderate. 


Hemorrhoids and fissure in anus. 
Radical operation. 


18 

31 

it 

« 

5 yrs. 

Pain in epigastrium U2 hrs. 
after meals. Same in right 
iliac fossa. Appendectomy; 
upper abdomen explored. 

Vomited; 
much belch- 
ing. 

19 

56 

« 

Fair. 

2 yrs. 

Pain and bleeding. Hemor- 
rhoids; fistula in anus. 

None. 

20 

42 


Muscular. 

1 mo. 

Pain in epigastrium; indiges- 
tion. Appendectomy, chronic 
appendicitis. 

(( 

21 

21 


Moderate. 

Several 

yrs. 

Varicocele. Radical operation. 


22 

36 


Thin. 

2 inos. 

Inguinal hernia. Radical op- 
eration. ^ 

(( 

23 

40 


Stout. 

Indefi- 

nite. 

Indigestion and severe upper 
abdominal pain. Cholecystec- 
tomy and appendectomy. 

<( 

24 

39 

F. 

Thin. 

lyr. 

Pain in back and lower abdo-' 
men. Retroflexed uterus sus- 
pended. Appendectomy. 

» 

25 

31 

M. 

Stout. 

3 wks. 

Pain in right iliac fossa. Ap- 
pendectomy. • 

‘‘ Nor- 

mal convii- 
lescence^ 


* Except where noted there was no shock and the oonvaleeoence was rapid. 
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Continued. 


Anestbeiia. 

CO, 

Ketones. 

Differences. 


Cata- 

lase. 

1 Urine 

Respintion. 

Duration. 

Before. 

1 

Before. 


8 

Ketones. 

•is 

11 

jC « 

H 

Before. 

1 

Acetone, 

after. 

Phenol- 

phthalein, 

before. 


win. 

cc. 

cc. 

mg. 

mg. 

cc. 

mg. 

cc. 

cc. 

cc. 

gm. 

per 

cent 

Cyanosed 
part of 
time; oxy- 
gen given. 

Ether 97 

78.7 

62.7 

13.7 

24.8 

16.0 

11.1 

4.2 

349 

222 



Poor; much 
oxygen 
given. 


88 

76.8 

61.4 

21.1 

32.5 

15.4 

11.4 

4.3 

473 

359 

1.278 


Smooth. 


35 

84.4 

57.6 

15.4 

31.9 

26.8 

16.5 

6.3 

466 

475 

1.621 


« 

(< 

26 

79.6 

74.0 

5.9 

28.4 

5.6 

22.5 

8.6 



0.337 


Quiet ; oxygen 
given. 

« 

58 

79.6 

58.9 

11.0 

12.6 

20.7 

1.6 

1 

0.6 





Smooth, 

4 ( 

30 

68.3 

68.3 

22.5 

35.3 

0 

12.8 

4.9 



0.438 


“ 


30 

79.6 

61.6 

1.8 

19.2 

18.0 

17.4 

6.7 



0.432 

70 

n 

“ 

14 

78.7 

58.9 

4.7 

13.4 

19.8 

8.7 

3.3 





it 


24 

78.6 

64.3 

26.2 

36.1 

14.3 

9.9 

3.8 

366 

233 

0.814 



“ 

60 

76.8 

64.3 

49.2 

112.4 

12.5 

63.2 

24.3 

371 

396 

1.968 

85 



32 

73.0 

59.1 

45.8 

52.0 

13.9 

6.2 

2.3 

402 

440 

11.0 

90 


U 

19 

74.0 

51.3 

46.4 

301.8 

22.7 

255.4 

98.5 

491 

402 

1 

.50 



TABLE 


1 

J 

j 

1 

il 

1 

Body 

conditions. 

Duration of 
illness. 

Symptoms, operations, and findings. 

1 

FMtopemtive 

symptomt,* 

26 

22 

F. 

i Thin 

Is: 

! 2 rnoy. 

1 Pain in lower abdomen ; menor- 
rhagia; leueorrhea. Supravag- 
inal hysterectomy. Double 
salpingo-oophorectomy. 

None. 

27 

19 



1 yr. 

Presence of goiter. Partial 
thyroidectomy. 

Marked 
shock. 
Very rapid 
pulse; toxic 
3-4 days. 

28 

42 

M. 

Moderate. 

4 mos. 

V^omiting. Pyloric obstruction , 
posterior gastroenterostomy. 

None. 

2Q 

20 

F. 

Thin. 

5 

Intervals of pain in right iliac 
fossa. Appendectomy. 

Vomited. 

30 

26 

M. 

Muscular. 

2 yrs. 

Pain in epigastrium , relieved by 
food. Ulcer, duodenum ex- 
cised. Post gastroenteros- 

tomy , appendectomy. 


31 

41 

F. 

Thin. 

12 yrs. 

Pain in epigastrium, relieved 
by eating; gastric ulcer; cir- 
cular resection. Appendec- 
tomy. 

None. 

32 

52 


Moderate. 

14 rnos. 

Tumor right breast; carcinoma. 
Radical amputation. 

tt 

33 

.w 

M. 

1 

ii 

1 yr. 

i 

Indigestion and pain in right 
upper and lower abdomen. 
Exploratory operation. Ap- 
pendectomy. 

t( 

34 

41 1 

F. 

ii 

2 yrs. 1 

iSmall tumor right breast; adeno- 
fibroma. Excision. 


35 

58 

M. 

Muscular. 

I 

Right inguinal hernia. Radical 
operation. 

tt 

36 

20 

F. 

Moderate. 

2 yrs. 

Pain and swelling in lower abdo- 
men. Myoma; hysterectomy. 
Double salpingo-oophorec- 
tomy. Appendectomy. 

tt 

37 

'30 

M. 

Thin. 

3-4 yrs. 

Pain in epigastrium 3-4 hrs. 
after eating. Duodenal ulcer 
excised postgastroentero# 

tomy; appendectomy. 

tt 

38 

,18 


u 

1 yr. 

Mild pain in right iliac fossa. 
Appendectomy. 

tt 


^Except where noted there waa no shook and the oonvalesoenoe wu rapid. 
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Aneithesia. 

COf 

Ketones. 

Differenoes. 

^8 

Cata> 

laae. 

Urine. 

Respiration. 

Duration. 

Before. 


Before. 

£ 

8" 

Ketones. 

1-9 

£8 

IS 

H 

Before. 

U 

£ 

Acetone, 

after. 

Phenol- 

phthalein, 

before. 


min. 

ec. 

ec. 

mg. 

mg. 

cc. 

mg. 

cc. 

cc. 

cc. 

gm. 

per 

cent 

Smooth. 

Ether 63 

74.9 

47.2 

10.5 

50.3 

27.7 

39.8 

15.3 

415 

306 

2.264 


it 

ii 

54 

42.0 

28.1 

103.7 

185.6 

13.9 

81.9 

31.6 





it 

ti 

90 

63.8 

47.1 

18.7 

30.4 

10.7 

11.7 

4.5 





u 


77 

59.7 

54.9 

32.7 

39.9 

4.8 

7.2 

2.7 





4i 

44 

102 

81.3 

65.1 

10.2 

30.6 

16.2 

20.4 

7.8 





it 

“ 

131 

(X).7 

44.3 

30.7 

126.7 

16.4 

96.0 

37.0 

! 





j 

4( 

50 

74.9 

52.4 

5.7 

9.2 

22.5 

3.5 

1.3 





ti 

1 

(( 

40 

79.9 

63,2 

21.5 

25.1 

11.7 

3.6 

1.3 



1.276 

45 

1 

44 

22 

73.9 

51.4 

3.8 

5.8 

22.5 

2.0 

0.7 

348 

231 

0.699 


it 

“ 

30 

80.2 

56.5 

28.5 

49.9 

23.7 

21. 4i 

8.2 

402 

167 

1.468 

70 

a 

“ 

60 

70.2 

50.8 

9.0 

38.6 

19.4 

29.6 

11.4 





Hough cyano- 

tt 

67 

80.5 

65.3 

6.2 

18.7 

15.2 

12.5 

4.8 

426 

352 

0.070 


818 ; oxygen 
given. 














Smooth. 

it 

30 

70.2 

57.0 

40.5 

76.7 

13.2 

36.2 

13.9 
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TABLE 1- 


Case No. 1 

i 

-< 

1 

Body 

condition. 

Duration of 
illness. 

Symptoms, operations, and findings. 

Postoperative 

symptoms.* 

39 

19 

1 

M. 

Muscular. 

Several 

yrs. 

Varicocele. Radical operation. 

None. 

40 

26 

t( 

Moderate. 

2 days. 

Pain in right iliac fossa; nausea, 
vomiting. Appendix abscess; 
appendectomy and drainage. 

u 

41 

42 

F. 

Stout. 

2 yrs. 

Pain in lower abdomen; metror- 
rhagia. Plysterotomy and cur- 
ettage; retained inembrancs 
removed; appendectomy. 

u 

42 

42 


Moderate. 

3 mos. 

Swelling in vagina; cyst excision. 


43 

49 


Thin. 

! 6 days. 

Pain over abdomen; vomiting. 
Appendix abscess; appendec- 
tomy and drainage. 

(( 

44 

36 

(i 

u 

3 mos. 

Pain over lower abdomen; tubal 
abscess. Double salpingo- 
oophorectomy. Appendec- 

tomy and drainage. 

Moderate, 
shock; vom- 
iting; rest- 
less. Slow 
convales- 
cence. 

45 

33 

M. 

Muscular. 

8 “ 

Pain in upper abdomen ; anemia. 
Splenectomy; appendectomy. 

Moderate 
shock. 
Slow conva- 
lescence. 

46 

36 

U 

« 

3 days. 

Abdominal pain, localizing to 
right iliac fossa. Appendec- 
tomy and drainage. 

None. 

47 

21 

F. 

Thin. 

1 2 wks. 

Pain in lower abdojnen; vomit- 
ing. Appendectomy and 

drainage. 


48 

44 

M. 

Stout. 

8 yrs. 

Pain in right iliac fossa. In- 
digestion. Chronic appendi- 
citis; appendectomy. 

(( 

49 

26 


Moderate. 

2 days. 

General abdominal pain, local- 
izing to right iliac fossa. 
Appendectomy and draina^ 
Pain in right loin radiating Hi 
groin; hematuria. Ureteral 
calculus removed. 

u 

50 

38 

F. 

Stout. 

2 yrs. 

Moderate 

shook. 


Except wJierc noted there was no shook and the convalescence was rapid. 
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Conlintied. 


Anestheaia. 


1 CO* 

1 Ketones. 

1 Differences. 

•dO 

1 Cata- 

I Urine. 
















1 








g.S 




1 ° 






Before. 



g 




fl) . 

1.3. 

Respiration. 

Duration . 

Before 

si 

5 

h 

< 

8 

d 

0 

1 

11 

h 

1 

iS 

(m 

S 

< 

II 

$ et 
< 

Phenol 

phtba 

before 


min. 

ce. 

cc. 

mg. 

mg. 

cc. 

mg. 

cc. 

cc. 

cc. 

gm. 

per 

cent 

Smooth. 

Ether 25 

75.8 

67.3 

,54.8 

(iO.O 

8.5 

5.2 

2.0 

463 

457 

0.344 


u 

« 

45 

83.4 

69.2 

4.4 

19.6; 

1 

1 

14.2 

15.2 

5.8 

1 



0.968 


“ 

« 

52 

77.7 

47.5 

5.7 

26.1 

30.2 

20.4 

1 

7.8 

262 

184 



(t 


55 

75.8 

66.2 

10.1 

20.4 

9.6 

10.3 

3.9i 





« 

it 

70 

67.2 

55.7 

0.6 

19.5 

11.5 

18.9 

7.2 



i 


« 

it 

80 

1 

86.2 

62.2' 

63.3 

203.5 

24.0 

140.2 

54.1 





« 

it 

,50 

74.0 

57.8 

2.5 

28.4 

1 

16.2; 

25.9 

9.9 

395 

268 

0.,592 

65 

a 

“ 

48 

81.3 

,56.7 

7.1 

11.6 

24.6 

4.5 

1.7 





u 

it 

40 

69.3 

65.1 

10.1 

22.3 

1 

4.2 

12.2 

4.7 





it 

it 

30 

83.4 

6,5.3 

11.4 

35.6 

18.1 

24.2 

9.3 

339 

225 

1.196 

55 

ti 

tt 

30 

83.4 

62.4 

2.0 

1 

5.6 

21.0 

3.6 

1.3 

395 

381 

0.326 


it 


75 

74,0 

62.4 

5.0 

9.7 

11.6 

4.7 

I 

1.8 
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TAfiLB i- 


1 

w> 

< 

1 

Body 

condition. 

Duration of 
ill ness. 

Symptoms, operations, and hndings. 

Postoperative 

symptoms.* 

51 

3.3 

F. 

Thin. 

Syrs. 

Backache; menorrhagia. My- 
oma; hysterectomy. 

None 

52 

23 

u 

u 

lyr. 

Right femoral hernia. Hernior- 
rhophy. 

• « 

53 

33 

M. 

Moderate. 

5 mos. 

Pain in upper abdomen; vomit- 
ing. Duodenal ulcer excised. 
Postgastroenterostomy. Ap- 
pendectomy. 


54 

44 

<( 

Muscular. 

2 yrs. 

Hemorrhoids. Clsanp and cau- 
tery. 

<< 

55 

21 

(< 

Thin. 

2 

Soft inguinal hernia. Hcrnior- 
rhophy. 


56 

40 

F. 

. Moderate. 

6 wks. 

Lower abdominal pain; Icueor- 
rhca. Chronic tube ovarian 
disease. Double salpingo- 
oophorcctomy. Appendec- 

tomy. 

Moderate 

shock 

57 

47 



5 yrs. > 

Epigastric pain; vomiting. Du- 
odenal ulcer; pylorectomy. 
Postgastroenterostomy. Ap- 
pendectomy. 

None. 

58 

33 

M. 

ti 

2 V 

Mild recurring pain in right iliac 
fossa. Chronic appendicitis; 
appendectomy. 

<( 

59 

45 


Thin. 

4 mos. 

Dysuria; pyuria. Tuberculous 
kidney; nephrectomy. 


60 

22 


u 

2 wks. 

Pain in right iliac fossa. 
Chronic appendicitis; appen- 
dectomy. 

(( 


*Exoept where noted there was no shook and the oonvolescenoe was rapid. 
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Concluded. . 


Aneethetia. 

COi 

Ketones. 

Differenoes. 


Cata- 

lase. 

Urine. 









s.s 




a 








i 





1 ^ 

RMpiration. 

Duration. 


1 

< 

1 



a 

B 

u 


is 


in 



s 

i 

< 

8 

o 

XI u 

H 

S 

< 

P 



min. 

cc. 

cc. 

mg. 

mg. 

cc. 

mg. 

cc. 

cc. 

cc. 

gm. 

per 

cent 

Smooth. 

Ether 54 

70.0 

56.7 

51.2 

89.0 

13.3 

37.8 

14.5 

419 

373 

1.4,50 

70 

« • 

“ 35 

78.7 

05.3 

9.2 

17.0 

13.4 

8.4 

3.2 



6.1KJ8 


<1 

“ % 

64.8 

43.8 

12.8 

28.1 

21.0 

15.3 

5.9 






“ 20 

81.5 

08.4 

0.5 

13.9 

13.1 

7.4 

2:8 

279 

325 




“ 02 

81.5 

71.0 

13.0 

29.8 

10.5 

10.2 

0.2 

349 

323 



« 

‘‘ 54 

56.0 

47.0 

4.7 

51.2 

9.6 

46.5 

17.9 






“ 73 

80.5 

66.1 

16.7 

30.4, 

14.4 

13.7 

5.2 



0.688 

85 

“ 

• 

“ 31 

78.4 

55.4 

20.8 

46.0 

23.0 

•25.8 

9,9 





Cyanosed 

Gas 3 

68.1 

52.8 

0.6 

i 

52.8 

j 

15.3 

52.2 

20.1 

389| 

325 


40 

throughout; 
not smooth. 

Ether 62 






i 




i 


Smooth. 

“ 60 

73.0 

i 

70.2 

56.3 

63.6 

2.8 

1 7.3 

2.8 

440 

316 

0.137 
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to enable them to enlist in some branch of military service. Their 
average ketone content before operation was 17 mg. per 100 cc. 

Only 10 of 60 patients or 16 per cent showed a diminution of 
the CO 2 capacity to below 50 cc., and in only 1 case did it fall 
below 40 cc. above which Stilhnan, Van Slyke, Cullen, and 
Fitz** found no marked symptoms of acidosis per .se in diabetes. 
Those of our patients who showed a CO 2 capacity even below 50 
cc. however, showed a much higher percentage of postoperative 
symptoms, such as rapid pulse, restlessness, gas pains, etc., than 
the others. 

Especial attention is drawn to Case 27, who had noticed a goiter for 
about a year, but had no other symptoms than the presence of a small 
swelling. On admission, the patient was somewhat nervous, but her pulse 
remained around 90 per minute until she wtis about to be carried to the 
operating room, when it reached 140, and she became obviously very mu(d) 
unsettled. Anesthesia lasted 54 minutes and was very smooth. Her 
pulse was then 170, but* of good volume. For 3 days it remained from 
120 to 160 and she appeared very toxic; on the 4th day she recovered from 
lier toxic symptoms very rapidly, so that by the 5th day the prognosis was 
undoubtedly favorable, from having been extremely grave for 3 days and 
doubtful on the 4th. Her Cih capacity before operation, 42 cc., indicated 
an already existing acidosis and the fall of 13.9 cc., bringing her capacity 
to 28.1 cc., showed that her alkali was brought to a level which was indeed 
critical. Her ketones before operation were at the very high level of 103.7 
mg., with an increase of 81.9 mg. 

Women, according to observers mentioned, excreta larger 
amounts of ketone bodies in their urine after operation "than men. 
Their results are only very approximate on account of the tech- 
nique used.*® The amounts in the blood and urine in this series 
are therefore interesting. Twenty-six of these patients were 
women and their average total acetone bodies in the blood was 
21.1 mg., with an increase to 47.2 mg. The average content of 
the men was 16.4 mg. with an increase to 40.3 mg. The average 
fall in CO 2 in women was 16 cc.; in men, 18.5 cc. The data of 

» Stillman, E., Van Slyke, D. D., Cullen, G. E., and Fitz, R., J, BioL 
Chem., 1917, xxx, 406. 

‘‘’Qualitative determinations of the urine by the sodium-nitroprusside 
and the ferric chloride methods for ketones often yielded negative results, 
when quantitative estimations by the Van Slyke method yielded an ap- 
preciable precipitate. 
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excretion were obtained in only seven women; their average was 
3.4 gm. in 24 hours. In twenty-one men, the average was 0.814 gin. 

A number of patients with peritonitis from various causes were 
fasted for 1 to 3 days before operation. These might be ex- 
pected to have a higher blood ketone on account of deprivation of 
food alone, but their average was 6.6 mg. The increase after 
anesthesia and operation, however, averaged 18.4 mg., the 
largest of any group. The fall in the CO 2 capacity averaged 
17.6 cc. 

Those who were given the anesthetic for less than 60 minutes 
showed an average fall of CO 2 capacity of 17.0 cc. and a rise of 
ketones of 23.4 mg. Those who received the anesthetic over 60 
minutes showed a fall of CO 2 capacity of 14.4 cc,., and a rise in 
ketones of 21.7 mg. Those under 30 minutes showed a fall in 
CO 2 capacity of 13.5 cc., and an increase in ketones of 13.2 mg. 

From the standpoint of postoperative symptomatology, most 
of the patients recovered promptly and with few troubles. A 
few, however, were nauseated and vomited several times, and 
some were annoyed by gaseous distention. Their average fall in 
CO 2 capacity was 16.7 cc.; the average rise in ketones, 27.3 mg. 

Other patients showed some postoperative restlessness with 
rapid pulse, though none in the series was actually shocked. The 
fall in CO 2 capacity of these was 17.5 cc., and the average increase 
in ketones was 38 mg., corresponding in molecular equivalent to a 
CO 2 change of 15 cc. 

In the eijtire series of cases the average increase in total acetone 
bodies calculated as acetone was 25 mg. per 100 cc., or 0.0043 M 
in concentration, corresponding to a change in bicarbonate CO 2 
of 9,6 cc. in 100 cc. of blood. The average observed fall in bi- 
carbonate CO 2 was 15.9 cc. These figures indicate that the 
acetone bodies which appear in the blood are sufficient to account 
on the average for 60 per cent of the observed fall in bicarbonate. 
They are, therefore, not the only factor, but as a rule, they are 
an important one in reducing the plasma bicarbonate during anes- 
thesia and operation. 

When cases are considered individually, the results show in- 
consistencies. In 13 of the 60 cases, the increase in acetone 
bodies equals dr exceeds in molecular concentration the fall in 
bicarbonate. Case 25, representing the extreme in this respect, 
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THE INFLUENCE OF CERTAIN SALTS ON ENZYME 
ACTION. 

By I. .S. FALK. 

{From the Department of Public Health, Yale School of Medicine, 

New Haven.) 

(Received for publication, August 14, 1918.) 

In the course of some bacteriological studies by Winslow and 
Falk (1) on salt action the question arose as to whether the an- 
tagonistic effects of salts on the viability of organisms which wew 
observed were to be attributed to changes in the permeability of 
the organisms tx) the fluid in which they were suspended, following 
the conclusions reached hy Loeb from his experiments on marine 
forms, or whether the explanation might not lie with disturbances 
in the metabolism of the organisms effected by the salts through 
action on the enzymes. Specifically, the question was: (^an an 
antagonistic action of salts on enzymes be demonstrated? This 
question was deemed worthy of careful study, especially when it 
was realized that there is no inherent c^nfliction between the two 
methods of explanation of the salt effects. The difference is only 
in the mechanism of the reaction. Inasmuch as enzymes are of 
colloidal nature and, further, Czapek’s (2) modification of Over- 
ton's conception of the nature of a plasmatic membrane involves 
the^iiexistence of a colloidal phase, it is at once evident that an 
'experimental demonstration of antagonism on enzyme action 
might be interpreted to mean that the salts are producing here the 
same effect on the colloidal systems containing the enzyme which 
they produce on the membrane in cell permeability changes. 

The studies of Kastle and Loevenhart (3) and other workers 
have demonstrated the presence of lipase in all tissues examined 
by them containing fat. There does not seem to be any apparent 
objection to the conception that if the plasmatic membrane of a 
cell contains a lipoid phase it may also contain a lipoclastic enzyme 
and that the salts may produce such effects through the enzyme^ 
* 229 
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on the lipoid phase as will result in changes in permeability. This 
suggested possibility is more or less in agreement with the well 
known fact that the lysis of cells and the diffusion of the con- 
stituents into the surrounding medium usually take place very 
rapidly after death. The explanation may be that it is due to the 
presence in the peripheral portions of the cell of a lipase which 
hydrolyzes the lipoid constituents of the plasmatic membrane.^ 
The first studies on the effects of salts on enzymes in vitro 
were undertaken on diastases and proteases. Besides the effects 
which have been noted b}^ other workers- (5), no significant re- 
sults were obtained. It is recognized, however, that the nega- 
tive results may be more or less attributable to the cur.sory fashion 
in which these experiments were carried out. Fui ther studies on 
these enzymes are planned for the future. The work on lipases 
was more successful, and will therefore be reported here in 
detail. 


TIJSTORICAL. 

Since the early work of ("Ireen (0) and Sigmund on vegetabh^ 
lipases there have been numerous contributions to the study of 
the fat-splitting enzymes. Many workers have made use of lij>ase 
reactions to study the effects of a variety of (extraneous sub- 
stances and physical co|iditions upon enzyme action (3, 7-10). 
The conflicting results obtained by various workers on th(i effects 
of inorganic salts on lipase can frequently be explained by dif- 
ferences in the experimental conditions and more often by dif- 
ferences in the concentrations of the salts employed. This latter 
factor is one of very great importance. Both Kanitz (11) and 
Pottevin (12) found that cahuum ions increase the activity of 
lipase. Pekelharing (13) considered the inciease in action of 
pancreatic lipase on olive oil effected by the halides of alkali 
and alkali earth metals due to the formation of insoluble soaps, 

^ The term plasmatic membrane is used in the sense in which it has been 
employed by Czapek and does not necessarily predicate the existence of 
an actual membrane. The objection of Fischer (4) to the use of the term 
'' plasma membrane^ ^ and the suggested substitution of the conception of 
‘‘colloid effects’^ cannot be considered as more than a verbal quibble. 
There is no easily apparent reason why effects on a “plasma membrane” 
may not be “colloid effects.” 
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resulting in the removal of the oleic acid from the reaction mix- 
ture. This point is based on the belief that the end-products of 
enzyme reactions in intro inhibit the action of the enzyme, probably 
by combination with it, or, as is more likely in this case, by the 
effect of the increasing concentration of hydrogen ions. Loeven- 
hart and Peirce (14) found that hydrofluoric a(‘id and sodium 
fluoride inhibit the action of lipase when they are present in con- 
centrations of about 1 part in 500. In very puich lowc^r concen- 
trations sodium fluoride stimulates slightly. Hie halides and 
nitrates of Na and K, and the chlorides of Ca, Ba, Mn, Ckl, etc., 
were found to b(‘ slightly inhibitive. Na^HPOj and K 2 (h’ 04 , on 
the other hand, showed marked stimulative effects. Gerber 
(15) also reports that and neutral salts of alkali metals 

inhiliit the action of lipase of latex. In a v('ry comiirehensive 
report Terroiiu' (lb) records having found that the (concentration 
of the salts studied (tht‘ halid(*s of sc^dium) deba-inined the nature 
of th(‘ir influence on the action of pancreatic lipas(‘ on olive oil. 
In very dilute' solution they stimulat(‘d the axdioji; in more con- 
centrated solution th(\v inhibitc'd. This is in agreement with the 
work of Loevenhart and Peirce (14) on tluc eftect of NaF on 
lipase action. Using somewhat different experimental conditions 
from those of T('rroine, Ilarnsik (17) found only inhiliiting effects 
produced by the chloride's of sodium and calcium. Thi' announce- 
mcmt, of Mathews (18) as a general law' that the toxic action of 
cations as such and of anions as smeh is an inverse function of, 
and is, determined by their solution tiaisions ha-s failed to be 
confirmed by Pond (19, 20). Finally, Falk (21) reported having 
found that ihcc halides and nitrates of univalent metals all in- 
hibited the action of castor bean lipas(^ on ethyl butyrate, the 
extent of inhibition varying directly with the (comcentralion of 
the salt. No stimulation of tlie enzyme was observed, perhaps 
because low concentrations of the salts were not used. Slight 
stimulation was obtained by dilute solutions of salts containing 
bivalent cations. In more concentrated solutions they showed 
inhibitory action. 

Rosenheim and Shaw-Mackenzie (22) found that alcohol, so- 
dium oleate, sodium cholate, sodium glycocholate, saponin, and 
digitonin stimulated lipoclastic action of pancreatic extract. 
They also made the interesting observation that: ^‘The zymolyte 
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exerted a protective action on the enzyme, and this to such a de- 
gree that even the most energetic accelerator, sodium cholalate, 
had no action when added to a mixture of olive oil emulsion and 
enzyme, but in most cases more than doubled the lipolysis when 
added to the enzyme first. This behavior may be considered as^ 
an indirect confirmation of the view that a combination of the 
enzyme with its zymolyte precedes enzyme action, and further 
that the accelerator acts directly on the enzyipe.^^ These au- 
thors also demonstrated that serum stimulates lipase action. 
Further studies on the effect of organic compounds on lipoclastic 
reactions were made by Falk (23). He found that methyl and 
ethyl alcohols and acetone inhibited the hydrolysis of ethyl 
butyrate by vegetable lipase, the degree of inhibition varying 
directly with the concentration of the compound added. Glycerol 
and glucose showed practically no inhibitory action. 

Technique. 

In these experiments the purest olive oil obtainable was used 
as the substrate in testing the lipoclastic power of the active en- 
zyme preparations. Three such preparations were employed in 
this work; the ‘lipolytic pancreatic extract^ ^ prepared and kindly 
furnished by the Fairchild Brothers and Foster, the ^^steapsin^' 
of the Digestive Ferments Co., and Merckxs ^‘pancreatin.'^ All 
of these were found to contain a powerful lipase. 

Olive oil, as it ordinarily appears on the market for commercial 
and medicinal purposes, is slightly acidic in reaction because of 
the presence of free fatty acids. It is essentially made up of 
glycerol trioleate. The action of lipase on the oil is almost 
entirely a hydrolysis of this ester with the formation of glycerol 
and free fatty acid— oleic acid. When the enzyme is first added 
to the substrate the hydrolysis effected is very rapid, CvSpecially 
at the optimum incubation temperature, about 40°C. As the 
reaction proceeds and the amount of free fatty acid and glycerol 
increases the rate of splitting of the ester decreases until at the 
end of about 48 hours, when the reaction has reached a state of 
equilibriun^ and at which time further production of free acid can 
hardly be detected. This slowing down of the rate of reaction is 
not due to the presence of the glycerol, but is probably due to the 
increasing H ion concentration of the mixture. 
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The initial acidity of the olive oil used was ‘ equivalent to 1.15- 
1.25 cc. of 0.2 N NaOH per 10 cc. of oil. The NaCl and CaCh 
used in these experiments were of the very highest purity, having 
been very carefully purified and recrystallized. Both of these 
salts are insoluble in the oil. 

In each experiment 9 grn. of the oil and 0.2 gm. of the dry 
enzyme- were used in each reaction mixture. Except when other- 
wise stated in the protocols of the experiments, the amount of 
.salt added was that, which if added to 9 gm. of water, would 
make up a .solution isotonic with a *0.85 per cent solution of 
sodium chloride (physiological). The actual amounts used were 
0.0765 gm. of NaCl and 0.1449 gm. of (MJb. 

In preparing a reagent mixture, the oil and salt were mixed 
first in a clean, diy bottle or beaker and, after being warmed to 
the incubation temperature, the enzyme was added. The mix- 
ture was then carefully stirred with a clean glass rftd until it had 
assumed a homogeneous appearance. The material adhering to 
the rod and the sides of the container was washed down with some 
pure toluene (Merck). This was added because its inhibitory 
action on the enzyme is negligible, whereas its restrictive action 
on the development of contaminating organisms is sufficient to 
avoid any errors due to their presence. Throughout, all the 
work sterile conditions were obtained and sterile reagents and 
apparatus used whenever possible. The mixtures were then in- 
cubated for a stated period of minutes or hours. At the end 
of the incubation period the titrations were made of the amount 
of free acid present. These titrations were made with nearl}^ 
0.2 N NaOH, using phenolphthalcin as an indicator, the fatty 
acids having been extracted by the addition of about 50 cc. of 95 
per cent alcohol made neutral against phenolphthalein. All ti- 
trations were made accurately to 0.05 cc. of alkali. Suitable con- 
trol mixtures were always used. Corrections on the titration 
figures for the normality of the alkali were made so that the results 
could be expressed in terms of exactly 0.2 n NaOH.'* 

* Two of the three enzyme preparations wore tested for moisture (fon- 
tent and were found to contain between 4 and 7 per cent for tlie individual 
powers. 

* At the beginning of this study the accuracy of this technique was 
checked by titrating mixtures containing know'n amounts of acid against 
phenolphthalein, methyl red, methyl orange, and bromothyrnol blue. 
The method was found satisfactory. 



234 Salts and Enzyme Action 

Usually the experiments were done in duplicate mixtures 
37®C. was the incubation temperature in all the experiments, 

EXPERIMENTAL. 

I. 

Experiments I and II , — The object of these experiments was to 
detect the influence of NaCl and CaCb, each acting separately, 
upon the hydrolysis of the fat effected by the lipase during a 
short incubation period, when the rate of action is at its maxi- 
mum, and it was expected that if there is an effect of the salts 
on the rate of hydrolysis, such an effect would appear in these 
experiments. The incubation periods chosen were 30 and 120 
minutes. 

Because of the iinhomogeneous character of the reaction mixture 
after standing in the incubator, and because of the difficulty in- 
volved in removing from it a portion as a representative sami:)k5, 
it was decided to use two sejiarate but similar mixtures in each 
case when two incubation jieriods were used, in preference to 
using but one mixture and attempting to withdraw an aliquot por- 
tion at the end of each period. 

The enzyme preparation used in both of these experiments was 
the same. All results are expressed to the nearest 0.05 cc. The 
fourth reagent mixture was used as a control because of the 
acidity of the oil and of the enzyme preparation. The heated 
enzyme mixture was prepared by being heated to 100°C. for 5 
minutes and then cooled before being incubated. In both of these 
experiments (Table I) there was obtained a slight stimulation bj'^ 
the NaCl in the shortest incubation period — 30 minutes. In the 
somewhat longer period, this salt had either no or a slightly 
inhibitive effect on the enzyme action. CaCb always showed an 
inhibitory action. 

Experiments III and IV . — In these experiments the influence 
of the salts on the lipase action was. studied under conditions simi- 
lar to those observed in the previous experiments, with a single 
important modification. Long incubation periods, 36 and 42 
hours, wT^re used. In these experiments the influence is not so 
much on the rate of hydrolysis as upon the final equilibrium point 
of the reaction. The same enzyme was used in these two experi- 
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merits (Table II). Each mixture used in this pair of experiments 
was run in duplicate. Although the titrations of these duplicates 
are in several cases not as close as might be desired, still they are 
easily close enough to permit of the recognition of the different 
effects produced by the salts. 


TABLE I. 

0.2 N NaOU Required to Neutral i::e. 


Incubation 
r>erio(l . 

1 Ileagcnt mixture. 

Oil + en?-vmo ' 
-f NaCI. 

Oil -f enryme 

4 CaCh. 

Oil + enzyme. 

Oil -f* heated 
enzyme. 

KxporiiiHTit T. 

ruin. 

;i() 

120 

cc. 

0.50 

0.45 

j cc. 

1 4 . 05 

1 5 . 55 

cc. 

4.85 

0.45 

cc. 

1.05 

1.00 

:u) i 

120 1 


I‘’x|)orimunt II. 



1 4.70 

1 5 . 55 

4.15 

5.25 

1 

4.00 

5.80 

1.50 

1.00 

TAOLE II. 

0.2 \ Nattfl Required lo Neutralize. 


TncubaOon 

|)crio(i 

lieugc n t tn i.x ture . 

Oil -f enzyme. 

-i' NaCi. 

Oil -f enzyme 
(JaCJs. 

<.)»! -f- t'nzyrno. 

Oil -f heated 
enzyme. 

l’]xponni(‘nt Til. 

hrs. 

C<‘. 


cc. 

cc. 

30 

13.00 

S.55 

12.25 

0.00 


15.00 

0.70 

12.00 

0.00 


Kxpcnrnent IV. 


11.40 

4.85 

11.95 

1.00 

10.05 

3.50 

lo.rrf) 

1.05 


Both of these experiments show that NaCl has practically no 
effect on the amount of free acid formed during a long incubation 
period. In other words, the equilibrium point is not markedly 
affected by NaCI. The inliibitive effect of the CaCh, on the 
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other hand, is shown here even more clearly than in Experiments 
I and II. This salt has veiy materially influenced the establish- 
ment of the equilibrium, having brought on this condition very 
much earlier than in the mixtures lacking the salt. 

Experiment V . — That the effects of the salts can be observed 
after the oil has first been emulsified can be seen from the titra- 
tion figures for this experiment. The control, in this case, con- 
sisted of a pair of mixtures containing the unemulsified oil. The 
emulsification was effected by adding sufficient aqueous 0.2 n 
NaOH solution to the acidic oil to give a neutral reaction to 
phenolphthalein. 

Examination of the titration figures (Table VII) brings out a few 
very important results. In the first place, it is evident that the 
emulsification of the zymolyte has had a marked effect on the 


TABLE III. 

N NaOH Required to Neutralize. 


Incubation 

lieaKent mixture. 

period. | 

Emuleifiod oil 4- 
enzyrao4 NaCl. 

Emuleified oil 4 ' 
enzyme +• CaCls. 

Emulsified oil 4 
enzyme. 

Oil 4 enzyme. 


Experiment V. 


min. 

cc. 

cc. 

cc. 

cc. 

210 

11.00 

5.15 

11.30 

5.05 


11.00 

4.80 

12.15 

5.55 


lipoclastic action. The mean titration for the enzyme acting on 
the oil is 5.30 cc. of 0.2 N NaOH, and for the enzyme on the 
emulsified oil is 11.75 cc. Recalling that 1.25 cc. of the alkali 
had been added to the oil in emulsifying, the latter mean titration 
should be considered as equivalent to the higher figure of 11.75 -f 
1.25 cc., namely 13,00 cc. 0.2 n NaOH. The use of the latter 
figure is preferable for a strictly comparable analysis. Thus we 
have a difference of between about 5 and 13 cc. to titrate, the 
only difference in the technique, and manipulation having been 
the emulsification of the oil in the case of the latter. 

It was observed, a short while after the mixtures had been set 
in the incubator, that the emulsions had been broken. This 
was probably due to the presence of fixe electrolytes, either added 
or those present in traces in the eniyme poWder. The increase 
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in lipoclastic action following emulsification must therefore be 
ascribed to some other factor than an increase in surface of reac- 
tion (as in an emulsion). The only other possible factor which 
can be recognized here is the possible effect of the water added 
as the solvent for the NaOH used in emulsifying the oil. The 
presence of this water may be expected to throw the reaction 
more strongly in the direction indicated by the equation : glycerol 
trioleate -f water — ^ glycerol + oleic acid. The marked inhib- 
iting effect of the CaCb is evident from examination of the figures. 

Experiment VI . — The object of this experiment was to determine 
whether the inhibiting action of CaCb on lipase is due to the ex- 
traction of water from the reaction medium because of the hy- 
groscopi(; nature of the salt, resulting in a slowing down of the 
hydrolysis. The experiment consists of a parallel series of mix- 


TABLE IV. 

OJ N NaOU Required to Neutralize. 


Incubation 

Boageut mixture. 

period. 

Oil + enryine. 

O 1 4- •*n»yine 

4- Cad:. 

Oil 4- enstyme 

4- water. 

Oil 4- enzyme 4- 
water 4- CftCl?. 


PJxpcrinjent VF. 


hrs 

cc. 

cc. 

! r c 

cc. 

10 

7.JK) 

4. 35 

7.10 

6.30 


7.80 

4.30 

7.05 

6.20 


tures with and without the salt. One series contained besides 
the ingredients of each of the mixtures in the other series 10 cc. of 
pure, redistilled water. Table IV (Experiment VI) shows defi- 
nitely that the inhibitory action of CaCh is not due to its hy- 
groscopic nature and to the removal of water from the medium. 

ExperiirmU VII . — In this experiment a study was made of the 
effect of varying the amount of NaCl or of CaCh, each added 
alone to the oil and enzyme. The concentrations of the salts 
used varied from one-tenth the amount described above as giving 
an isotonic concentration to ten times this amount. Parts A 
and B of this experiment were done simultaneously and are there- 
fore strictly comparable. 

Tables V and VI show conclusively that with the addition of 
increasing amounts of dry CaCl 2 there is an increase in inhibitive 
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effect on enzyme action, until at the addition of 10 times isotonic 
concentration of the salt the action is almost entirely stopped. 


TABLE V. 

O.S N Nai)H Required to Neutralize. 



Reagent mixture. 

Incubation period. 

Oil 

+ killed 
enzyme. 

Oil 

-f enzyme. 

i 

Oil -f enzyme + 
CaCls 0.01449 gm. 
0.1 isotonic. 

Oil -r enzyme + 
CaCh 0.1449 gm. 
1.0 isotonic. 

+ B-S 

0 ) tal) Cl 1 

rs.i 
S® s 

Oil 4- enzyme -f 
CaCh 1.4490 gm. 
10 times isotonic. 


Experiment VII, A. 


hrs. 

cc. 

cc. 

cc. 

cc. 

rr. 

cc. 

24 

1.70 

4 , i)i) 

3.35 

2. .50 

2.10 

1.75 

Increase in acidity 
due to li poly sis. 


2.85 

l.r>5 

0.80 

0.40 

i 

0.05 


TABLE Vf. 

0.2 N NaOH Required to Neutralize. 


i 



Reagent Mixture, 



Incubation period. 

Oil 

4- killeti 
enzyme. 

Oil 

+ enzyme. 

Oil + enzyme 4 - 
NaCl 0.00765 gm. 
0.1 isotonic. 

ti 

sg.a 

so a 
§o 3 

40.1 

Oil 4 enzyme + 
NaCl 0.3S25 gm. 

5 times isotonic 

Oil 4 enzyme 4" 
NaCl 0.7650 gm. 
10 times isotonic. 


Experiment VII, B. 




krti. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

24 

1.70 

4.45 

4.45 

4.60 

4,60 

4.80 

Increase in acidity 
due to lipolysis. 


2.75 

2.75 

2.90 

2.1)0 

3.10 


The addition of NaCl, on the other hand, seems to have effected 
a slight stimulation of the action. 

Experiment VIII . — Experiment VIII was an exact duplication 
of Experiment VII except for the addition of 10 cc. of water to 
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each reagent mixture and for the use of a somewhat longer incu- 
bation period. Parts A and B are strictly comparable. 


TABLE VII. 

0.2 N NaOIl Required to Neutmlize. 


Reagent mixture. 


Incubation period. 


Oil 

+ killed 
enzyme 
-f water. 


Oil 

s+l 

u eS 

■J'S.s 

ec5| 

“f enzyme 

s+g 

-f water. 



^ V. 1 


4 

S'- 

4- 

+^s 

c 



Kxperiim^nt. VI IT, A. 


hrs. 

ce. 

cc. 

ec. 1 cc. 

cc. 

cc. 

30 

1.70 

5.110 

4.90 I 3.55 

1 

2.45 

2.05 

Jn(Tcas(' in acidity 
duo to lij)oly.sis. 

j 

.3.f»0 

3.20 j 1.S5 

0.75 

1 

0.35 


TABLE VlII. 

0.2 N NaOH Required lo Meutralhe. 



Reagent mixture. 


! 


+c 

+0 



Incubation period. 

Oil 

4- killed 
enzyme 

4 water. 

Oil 

4 en/yiiie 
+ water. 

. 

> o 

2 - 4 - 5 

s ^ o 

+s.i 

a, a 

E'=c 

i+l 

. »H O 

4® .2 

c 

jH-t- — 

4 vE 

r-i 

£•+■2 

+sj 




5*5 

1 — . eSO 

„ «« w 

C 

5?s 


Experiment. VTIT, B. 


hrs. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

30 

1.70 

5.10 

5.10 

5.40 

4.25 

3.70 

I 

Increase in acidity 
due to lipolysis. 


3.40 

3.40 

3.70 

2.55 

1 2.00 


The results of this experiment (Tables VII and VIII) indicate 
that the effects produced by the CaCh in Experiment VII cannot 
be ascribed to the hygroscopic action of the salt. In this experi- 
ment, in the presence of an excess of water, far greater than the 
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amount which the salt can take up, the inhibitory action of CaCU 
is just as evident. The effect of the NaCl observed here is some- 
what different from that observed in the previous experiment. 
In the higher concentrations it exerted an inhibitory action. The 
stimulative action in the isotonic concentration is worthy of 
note. 

The experiments presented up to this point have shown that the 
effect of CaCb on enzyme action is uniformly one of inhibition, 
the degree of inhibition effected being a direct function of the 
concentration of the salt. Even the smallest amount added, 0.1 
isotonic (about parts per 1,000 of oil) showed marked inhibit 
tive action. The effect of NaCl is entirely different, being 
slightly stimulative at times in isotonic and even higher concen- 
trations, and but slightly inhibitive even at the highest concen- 
trations employed. These results confirm those quoted above 
from the work of Loevenhart and Peirce (14) and Gerber (15). 

A few experiments were made to determine whether any differ- 
ence in effect on enzyme action could be detected when the salts 
were added to the oil and enzyme or to the enzyme. According to 
the results obtained by Kosenheim and Shaw-Mackenzie (22) with 
certain organic accelerators of enzyme action, a difference may 
be expected. The results have been \insatisfactory and will not 
be reported at this time. 

II. 

The following series of experiments were made in an effort to 
detect a true antagonism between the action of the chlorides of 
calcium and sodium on lipase action. 

Experiment IX . — In Experiment IX the object was to demon- 
strate salt antagonism on enzyme action by varying both the NaCl 
and the CaCb, keeping the total concentration of salts constant; 
namely,* isotonic. Theoretically, the number of molecules of 
inorganic salts present in each mixture is the same. The ratio 
expressed at the head of each column in the table represents 
the ratio of sodium to calcium in molecules of their chlorides 
(Na< — ^Ca). The incubation period was 2| hours. 

' Examination of the mean titration figures (Table IX) seems to 
show the existence of an antagonism between the action of the 
salts. There is the possibility, however; that the low figures in 
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the right hand columns were due merely to an increasing (abso- 
lute) amount of CaC ]2 and regardless of the decreasing amounts of 
NaCl. The following experiments were planned to demonstrate 
antagonism, avoiding this possible source ‘of error. 

Experiments X and XI . — A definite amount of calcium chloride 
was added to each mixture except the control, and then varying 
amounts of sodium chloride were addexi. The incubation period 
was 3 hours. The figures at the head of the columns express the 
relative number of molecules of Ca and Na salts added. 

TABLE IX. 

0.2 N NaOH Required to K eutralize. 

I Keageiit mixture. 


Oil ■+• enzyme -f 



NaCl 

NaCl 

. NaCl 
0.0639 gm. 

NaCl 


NaCl 

0,0767 |?rn. 

0.0735 em. 

0.0510 gm.i 
+ CuCls 

CaCh 

0.076fi tftn. 

4- CaCl« 

• + CttCL 

+ CaCl* 

0.1449 gm. 


0.0014 gm. 
1004-*— »1. 

0.0056 gm. 
254 >1. 

0.0241 gm. 
>1. ; 

0.0483 grn.l 

24 >.1. 

U y®. 


Experinieiit IX. 



cc. 

w. 

cc. 

cc. 

cc. 

cc. 

CC. 


5.00 

* 

5.55 

5 . 50 

5.40 

4.90 

4.70 


5.45 

5.80 

5.30 

5.10 

5 . 35 

4.9(» 

4.55 

Mean titra- 
tion 

5 . 55 

5.80 


5.30 

5.40 

4.90 

‘ 4.05 

I 


* This mixture was lost in manipulating. 


Table X shows that although there is considerable variation 
between some of the duplicate mixtures, on the whole there seems 
to be a gradation in the amount of hydrolysis effected^ by the 
enzyme increasing definitely wdth the increasing amounts of NaCl 
added to the constant amount of CaCb. This is evident in both 
experiments. Both also show that even the most favorable salt 
mixtures did not succeed in bringing the titration figures up to 
those of the controls. The NaCl did show an effect antagonistic 
to that of the CaCb, and this in a definite, stoichiometrical 
order. This antagonistic effect, it must be remembered, is evi- 
denced upon the rate of hydrolysis when the rate is greatest. 

THE jrOUnNAL OP BlOliOUlCAL CUEMlSTilT, VOI.. XXXVl, NO. I 
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< TABtE X. 

0.2 N NaOH Required to Neutralize. 

Reagent mixttire. 


Oil -1- 
eneyzno. 

Oil 4- enzyine 0.1449 gm. CaCIj 

14 - 0 . 

4- NttCl 4- NaCl 
0.00765 0.03826 

gm. gm. 

14*0.1. 14-0.5. 

4* NaCl 
0.0766 gm. 
1 + 1. 

+ NaCl 
0.3825 gm.' 
1 + 6. 

+ NaCl 
0.7650 gm. 
1+ 10. 

Experiment X. 

cc. 

cc. 

cc. cc. 

cc. 

cc. 

cc. 

5.60 

3.95 

4.00 3.30 

4.25 

4.55 

5.30 

5.60 

3.35 

3.55 3.40 

4.15 

4.40 

5.00 

Mean titra- 






tion 5.60 

3.65 

1 

3.80 3.35 

4,20 

4.50 

5. 15 

Ex?i)eriment XJ. 

5.35 

3.65 

4.35 » 4.15 

4.35 

4.90 

4.70 

5.35 

4.65 

3.90 4.40 

4.65 

4.80 

5.35 

Mean titra- 






tion 5.35 

4.15 

4.15 4.30 

4.50 

4.85 

5.05 


* TABLE XI. 

0.2 N NaOH Required to Neutralize. 

Reagent mixture 




1 Oil + enzyme + 0.1446 gm. CaCls 

'*.■ 1 

Oil + 
enzyme. 

1 + 0. 

1 i 

+ NaCl 
0.00765 
gm. 

1 + 0.1. 

+ NaCl 
0.03825 
gm. 

1 + 0.6. 

Ojlm gm. 
1 + 1. 

1 +NaCI 
0.3825 gm. 
1 + 6. 

+ NaCl 
0.7660 gm. 
1 + 10. 

Experiment XII. 



cc. 

14.70 
j 14.70 

cc. 

7.90 

7.95 

cc. 

9.26 

9.25 

cc. 

8.95 

9.15 

cc. 

8.50 

8.80 

ec. 

8.50 

9.10 

cc. 

9.20 

9,50 

Mean titra- 
tion 

14.70 

7.95 

9 25 

9.05 

1 8.65 

8.80 

9.35 
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Experiment XII , — This was a reposition of the two previous 
experiments with the single modification that a long incubation 
period, 36 hours, was used (Table XI). 

Experiment XIII , — This was an exact duplicate of Experiment 
XII excepting for the substitution of another enzyme preparation, 
one which proved to be not so powerful. The incubation period 
was 36 hours (Table XII). 

Although two different enzymes were used in Experiments 
XII and XIII, good checks were obtained. They undoubtedly 
show an antagonism between the salts in the effects on the equilib- 
rium point of the reaction mixtures which is reached after 36 
hours incubation. 


TABLE XII. 

0.2 N NaOn Required to Neutralize. 


Roagent mixture. 

Oil 4- 
enzyme. 

Oil ^enzyme + 0.1449 gni. CaCU 

1+0. 

+ NaCl 
0.00765 
gm. 

1 + 0.1. 

+ NaCl 
0.0^825 
gm. 

1 + 0.6. 

+ NaCl 

0 076.5 gm. 

1 + i. 

+ NaCl 
0.8825 gru. 
1 + 5. 

+ NaCl 
0.7650 gm. 
1 + 10. 


Experiment XIII. 



cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 


5.10 

3.00 

2.95 

2.80 

3.15 

3.55 

3.45 


5.20 

2.90 

3.00 

3.10 

■ ■ ■ 1 

3.05 

3.65 

3.40 

Mean titra- 
tion 

5.15 

2.95 

3.00 

2,95 

3.10 

3.60 

3.45 


III. 

It has been suggested by Robertson that calcium chloride pro- 
duces its inhibitive effect on lipase action by forming insoluble 
soaps. What he meant, apparently, was that insoluble soaps are 
precipitated about the enzyme and remove it from the reaction 
medium. Folin has suggested that the inhibitive effect of the salt 
may be attributed to the precipitation of insoluble Ck soaps with 
the concurrent formation of free, inhibiting hydrochloric acid. 
Because lipase seems to be only so slightly affected by small 
changes in H ion concentration and because no specific effect of 
HCl was known of, this interpretation seemed to be of but doubt- 
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ful value. Some experim Alts were made to test this point. The 
following tables present figurlis from representative experiments. 

Experiment XIV , — A study was made of the effect of HCl in 
rather high concentration on lipase action and to compare the 
effect of the acid with that of calcium chloride. The concen- 
tration of HCl used was 2 times isotonic as compared to isotonic 
CaCh. The alkali necessary to titrate the acid added has been 
subtracted. The figures in Table XIII represent the difference. 


TABLE XIII. 

0.£ N NaOU Required to Neutralize, 


Incubation period. 

Oil + en»yme. 

Oil + enzyme + CoCl*. 

Oil 4 enzyme 4 HCa. 

Experiment XIV. 

hr a. 

cc. 

cc. 

cc. 


4.85 

4.40 

2.25 


4.70 

4.00 

2.65 

24 

* 

4.55 

4.45 


6.35 

4.45 

4.25 


* Lost in manipulation. 


TABLE XIV. 

0.2 N NaOH Required to Neutralize. 


Experiment XV. 


7.40 

8.65 

8 . 10 , 

7.00 

4.25 


Oil + enzyme + water 

“ 4- 0.01 isotonic HCl 

“ + “ +0.05 “ HCl...'. 

“ +0.10 HCL... 

“ +1.00 HCL... 


Evidently the high concentration of acid used in this experiment 
has markedly inhibited the lipase action. This inhibition may be 
ascribed to an action similar to that effected by CaCl 2 , or it may 
be simply an effect of the enormous change in Ch. The following 
experiments were planned to settle this question. 

Experiment XV . — The effect of varying amounts of HCl added 
to the mixtures was studied. The incubation period was 24 
hours at 37®C. In each case the HCl added was contained in a 
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volume of 1 cc., and this same voluihe of water was therefore 
added to all the other mixtures (Table XIV). 

Experiment XVI . — If the effect of CaCb is due to the libera- 
tion of free HCl by the formation of insoluble Ca soaps, then the 
effects of CaCb and HCl should be additive. In this experiment 
a study was made of this point. Isotonic concentration of the 
salt was used throughout. In each case the HCl was contained 
in 1 cc., and this volume of water was therefore added to each of 
the mixtures not receiving the HCl. The incubation period was 
24 hours ^Table XV). 

These experiments demonstrate that the effect of the HCl is 
directly proportional to the amount added and that its effect is 


TABLE XV. 

0.2 ^ NaOH Required to Neutralize. 






cc. 

Oil 4- finzvmfi 4- watnr 


7.05 



4- CtiCU 


3.75 

“ + 

<< 

+ CaCls + 0.001 isotonic HCl 

0.05 

-f 

it 

+ CaClj + 0,01 

“ HCl 

5..W 


tt 

+ CaCl, + 0.05 

“ HCl 

4.10 

“ + 

it 

+ CaCls + 0.10 

“ HCl 

3.20 

-f 

tt 

+ CaCb 4-1.00 

HCl 

2.75 


not additive with that of the CaCb. On the contrary, in the 
case of the lower concentrations of the acid its action is distinctly 
antagonistic to that of the CaCl 2 t 

SUMMARY. 

Experiments with lipases are presented, which show that there 
is a fundamental difference between the nature of the influence 
exerted by the chloride of a monovalent metal and by that of a 
bivalent metal (NaCl and CaCb).- The sodium salt may stimu- 
late the rate of lipase action slightly; the calcium salt always in- 
hibits. The former shows no effect on the equilibrium point 
of the reaction mixture; the influence of the latter is such as to 
bring on this condition very much earlier than in the control 
lacking the salt. The inhibitory action of calcium chloride is 
not due to the extraction of water from the medium by the salt. 
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The inhibiting action of calcium cliloride was found to vary 
directly with the concentration of the salt, even in the presence 
of an excess of water. The concentration of sodium chloride 
does not appreciably affect its influence on the enzyme action. 

The addition of NaCl reduces the inhibitory effect produced 
by the calcium salt upon both the rate of action and upon the 
equilibrium point. There is a definite antagonism exerted be- 
tween the two in an enzyme i*eaction mixture and this antagonism 
is of a definite, stoichiometrical order. It is probable that the 
effect of the sodium salt is not antagonistic in an opposite sense 
to that of the calcium salt, but rather that the presence of the 
former tends to prevent the appearance of the calcium effect. 
That this phenomenon will be found to be general for salts of uni- 
valent metals as against salts of bivalent metals is expected, but 
experimental demonstration has not yet been undertaken. 

It is pointed out that the inhibitory effect of the CaCh is prob- 
ably not attributable to the formation of insoluble Ca soaps 
with the concurrent formation of HCl. Although this acid, when 
added in large amounts, does inhibit the lipase action, its action 
may be attributed merely to changes in the Ch of the medium. 
The effect of the acid is of a different nature from that of the salt 
as witnessed by the fact tjiat even the smallest concentrations of 
the latter always inhibit the enzyme action, whereas small amounts 
of the acid even stimulate it slightly and prevent, to a certain 
extent, the appearance of the Ca effect when the salt is also added. 
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FEEDING EXPERIMENTS WITH RAW AND BOILED 
CARROTS.* 

By MINNA C. DENTON and EMMA KOHMAN. 

{From the Hull Physiological Laboratory, University of Chicago, Chicago.) 
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In the present food crisis, it will perhaps be conceded that our 
cheapest sources of calories and protein are the vegetable fats and 
cereal grains. It will also be readily conceded that these foods 
require to be judiciously fortified or supplemented in several 
respects. It has often been urged that some of the common 
root vegetables should be used as extensively as may be practi- 
cable, as partial substitutes for the cereals, as supplements to 
them in certain respects, and certainly as supplements to the 
vegetable oils. A knowledge of the dietetic properties of these 
root vegetables is then of importance, partic.ularly so since the 
use of dehydrat(id vegetables promises to come into general 
vogue. 

In the preparation of these dehydrated products for table use 
it will not necessarily be the case that the excess of water con- 
tained by the vegetable in its natural state, is restored. Thus the 
calorie and protein values of these cooked preparations will more 
nearly approach those of our staple carbohydrate foods such as 
cereal porridges and breads, or cooked potatoes. The ^‘watery 
vegetables” can then no longer be neglected as a source of fuel or 
calories. 

As for protein, they may be so selected as to yield large amounts 
of nitrogen if they can be eaten in fairly concentrated form. For 
it will be noted that when protein (or rather, nitrogenous) calories 

* We take pleasure iu acknowledging our indebtedness to Major A. J. 
Carlson, under whose direction this work was begun, to Dr. Arno B. Luck- 
hardt, under whom it has been continued, also to Dr. F. C. Koch, of the 
Departitient of Physiological Chemistry, who has shown us many favors 
in the way of laboratory facilities. 
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are compared with total calories, spinach furnishes as large a pro- 
portion of nitrogen calories as some cuts of meat; tomatoes and 
cabbage more than wheat; and carrots almost as high a propor- 
tion as does corn-meal (1). Quantitatively, then, the vegetables 
above mentioned, when in dry form, would present equivalents 
or substitutes for meat, wheat, and corn-meal respectively^ whether 
considered as fuel or as nitrogenous foods. However, it is true 
that the question of digestibility remains to be considered, sinc(^ 
we live not by what we eat but by what we digest; and the (quality 
of these vegetable proteins is all important, since in the last 
analysis it is not proteins as a class, but various individual amino- 
acids, which are able to bring about growth or to maintain nitrog- 
enous equilibrium. 

With these considerations in mind, we have instituted feeding 
experiments with carrots, using albino rats. They take this food 
readily, whether it is given raw, cooked, or dried. They become 
accustomed to it in a few days and increase their consumption 
gradually until they are in many cases taking each day an 
amount which (calculated as weight of fresh vegetables) is equal 
to or greater than their own body weight. 

Three litters of rats were given equal representation in each 
of Lots I, II, and III, in the hope of eliminating as far as pos- 
sible, the influence of individual variations. 

Growth curves of Lots I, II, and III (Chart I, February 5 to 
March 12), show that after becoming adjusted to the food, young 
rats may maintain body weight without loss over a period of at 
least 5 weeks, on a diet of chopped carrots fortified only with suit- 
able amounts of sodium chloride, calcium phosphate, and cal- 
cium lactate. (Some animals survive much longer than this and 
seem able to maintain their weight on this diet for long periods.) 
As the curves for food consumption show, these animals took 
from 0.5 to 1 gm. of carrot proteins per day, and maintained body 
weights of 50 to 90 gm. respectively. This is equivalent to 10 
gm. of protein per kilo of body weight, or about six times the 
amount allotted to an adult man on the basis of 120 gm. of protein 
for 70 kilos of body weight, — which is a high protein diet as 
human dietaries are usually reckoned. Similarly, as far as 
calories are concerned, these animals ^ an exclusive carrot diet 
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weio consuming an amount of food which yiold(Kl 300 to 500 or 
more calories per kilo of body weight per day; whereas 50 calories 
per kilo per day for an adult man at modc^rately hard work, or 
100 calories per kilo for the new born human infant, arc considered 
liberal standards. Yet these rats were unable to make a growth 
upon this diet. Such facts lead us to conclude, that if we are to 
attempt to apply widely llubner^s laws of constant energy con- 
sumption and growth quotient (2) we must at the outset hedge 
about that generalization rather narrow^ly by defining the rate of 
growth to be expected and the quality as well as quantity of nutri- 
ents to be fed. 

It has often betm contended that since most feeding experiments 
with rats have been done by the use of dried and often of cooked 
materials, it is unreasonable to suppose that the processes of 
drying and ordinary cooking can prejudicially influence vita- 
mine content or other nutritive values. Further consideration, 
however, makes it apparent that quantitative as well as qualita- 
tive experimentation is desirable. The fact that the animal main- 
tains a normal growth curve and reproduction on a daily diet con- 
sisting, for example, of 10 gm. of bread and 5 gm. of heated 
dried milk ((equivalent in bulk to 50 gm. of fresh milk), does not 
in itself prove that the cooking and drying have not in any way 
altered the nutritive value of milk. For it is conceivable (until 
the contrary has been proved) that the animal might have been 
as satisfactorily nourished on 10 gm. of broad, jdus 25 gm. of 
fresh milk, instead of using the eejui valent in dried form of twice 
that; amount. 

It. is well recognized that temperatures considerably above 
100°C., when applied for one or more hours, do prejudicially affc^ct 
the nutritive values of some foods (3). Some investigators have 
concluded that ordinary cooking or even pasteurizing processes 
are liable to weaken or destroy the antiscorbutic or other valu- 
able properties of milk or of vegetables, in some instances at least. 
We there ore considered that it would be of interest to ascertain 
whether carrots cooked after common methods would yield iden- 
tical results with raw carrots, in the diet of white rats; i.e., of 
an animal which is not usually considered as being subject to 
scurvy, so far as we know at the present time. 
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Methods of Experimentation, 

In the first period of feeding, February 6 to March 12, the car- 
rots were scraped or pared, sliced in sections f to 1 inch thick; 
thovse fed to Lots I and II were boiled for 30 to 40 minutes in 
twice their own weight of distilled water. These diets were 
freshly cooked every other day., and stored in an ice box between 
the feedings, which occurred twice daily. They were fed with- 
out the addition of the juice, which had cooked out, to Lot I; 
also with the addition of this concentrated juice to Lot II. 
Calorimetric, Kjeldahl, and ash determinations showed an aver- 
age extraction otf about 20 per cent; nitrogen losses were somewhat 
irregular, being often considerably higher than the losses in salts 
and in fuel value. During the later period from March 12 up to 
the present date, when casein, starch, and butter had been added 
to the carrots, the time of cooking and the amount of water used 
were increased, and the extraction reached 25 to 30 per cent, so 
that it equalled that of the average of canned carrots described 
below. 

Carrots were canned by the use of the cold pack method recom- 
mended for home canning by the Extension Service of the IT. S. 
Department of Agriculture, This involves 5 minutes blanch of 
sliced carrots in boiling vjater, cold dip, packing into glass quart 
jars, and 2 hours process submerged in bath of boiling water. 
Our jars contained 700 gm. of carrots (weighed raw) and about 
280 cc. of juice remained in the jar at the end of the process. 
The various tests used showed an extraction of 20 to 40 per cent 
in different jars and lots, varying with the amount of juice in 
the jar at the end of processing; average about 28 per cent. Evi- 
dently the lessened extraction due to the small amounts of water 
in the jar almost counterbalanced the tendency of blanching and 
long processing to increase the degree of extraction above that 
attained in the ordinary open kettle home cooking process. These 
canned carrots, after being stored from 3 to 6 months, were fed* 
to Lot IV, Chart I. 

We used commercial casein, soaked 1 week in slightly acidu- 
lated water (10 times its own weight, decanted off and renewed 
pace each day), rinsed free of acid; twice extracted with 10 times 
its own weight of ether, which is decanted off; then spread on a 
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filter to dry. Leaf lard was rendered and strained through cheese- 
cloth. Butter fat was heated in a water jaciket and passed 
through filter paper. The starch was Kingsford^s cornstarch. 

In all cases animals were given as great a quantity of food as 
they could he induced to consume, and a record was kept of the 
food consumption of each animal. 

Cooked Diets Compared to Raw. 

It will be noted that the differences between growth curves of 
rats fed on raw carrots and those fed on cooked carrots with oj* 
without the juice, during the period of exclusive carrot plus salts 
di<d (February 5 to March 12), are perceptible, though not larg(‘ 
enough to be highly significant. However, the difference's in 
amount of food consumed in order to make this growth ai*e per- 
haps significant. The rats fed on cooked carrots without the cx- 
tract(al juice, soon developed a tendency to cat larger amounts of 
food than did the other two sets, and the same thing was tru<^ of 
the ra-ts fed on (janned carrots without the juice. On tlie qthcr 
hand, rats fed on cooked carrots plus the juic(‘ extracted hy 
cooking consumed somewhat less food than did the other two 
sets, evem at the beginning. These diffenuu^es in food consump- 
tion extended into the period whpn the carrots fed w('re fortified 
by addition of casein plus starch plus butter fat, becoming in- 
creasingly greater as time went on; c.f/., in 15 to Ifi weeks aftei* 
the beginning of th(i experiment, rats on raw carrots (fortified), 
.were averaging about 1(K) gin. of food per day; those on cooked 
carrots (fortified) plus juice, about 80 gni. per day; those on 
(cooked carrots (fortified) without the juice, 120 gm. pei* day; 
those on canned carrots (fortified) without juice, 100 to 110 gm. 
p<?r day. These rats were in most cases from 150 to 220 gm. in 
weight, at that time. 

During these later periods, percentages of extraction averaged 
25 to 30 per cent for both boiled and canned carrots. In the case 
of the boiled carrots, the juice was more strongly concjent rated 
than before; 3,500 gm. of water were measured out, in which to 
cook 1,500 gm. of carrots, and after boiling 1 hour the watery 
juice remaining in the kettle was then concentrated to 200 gm. 
by slow boiling in an open dish. This was about twice the de- 
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j>;ree of concentration ein ployed during the first 5 weeks of the 
feeding period, as far as final bulk of juice was concerned. The 
rats had shown themselves vor}^ fond of this earlier and less con- 
centrated juice, taking it in preference even to the boiled carrots; 
but they did not like the more concentrated juice, and it had 
finally io be mixed with the carrots in order to insure their taking 
it at all. As it had a somewhat rank flavor and also more or less 
of the taste of caramel or burnt sugar, even when very carefully 
heated, these flavors were quite perceptible in the diet with which 
the jiiixje was incorporated. 

It is therefore possible to assign several reasons for the failure 
of the animals on the diet of boiled caiTots plus juice, to oat as 
mu(^h food as did the other lots. First, due to some oversight, 
this lot contained two females and one male, whereas the other 
two lots contained two males and one female, therefore the^ three 
lots are not strictly comparable. It is believed, however, that the 
lower food consumption of Lot II is not due entirely to this fact. 
Second, the total bulk of food which must be taken in order to 
get the same number of calories or grams of protein, is greater in 
case of boiled carrots plus juice, than in the case of raw carrots, 
due to the addition of water absorbed by carrots in cooking, and 
to the water added to the juice which cooked out. It is true that 
rats are able to increase t*heir food consumption to a remarkable 
degree as the food becomes more dilute, yet there are limits to 
their capacity in this direction. Third, their disilike of the 
strong flavor may have been a cause of gradually diminished 
appetite. Fourth, it is possible that during the extra period of 
long heating, especially on the concentrated juice, there was pro- 
duced some chemical substance which had a depressing effect 
upon metabolism and therefore upon hunger and appetite. Fifth, 
it is difficult to explain either the difference in food consumption 
or that in growth curves as being due to destruction of vitamines 
by long boiling of the juice in concentrated form; for at the out- 
set, when the quantities of food taken by Lot I, fed on boiled 
carrots without the addition of extracted juice, and by Lot II, 
who ate boiled carrots plus the juice, were about equal, the 
amounts of vitamine taken would have been about equal even 
if it were to be supposed that the vitamines extracted into the 
jiiice were entirely destroyed by heat. 



M. C. Denton and E. Kohman 


255 


Notwithstanding their larger food consumption, the animals 
of liOt I (boiled carrots without the juice) had greater difficulty 
in maintaining themselves in weight equilibrium tJian did those of 
Lot III, fed on raw carrots; and the same thing is true of the ani- 
mals of Lot II (boiled carrots plus juice) and of Lot IV (canned 
carrots without the juice). This difference is apparent in the 
first period, when carrots were fed without fortification except by 
salts, but it is almost altogether lost in later periods, when casein, 
starch, and butter fat in varying amounts, fortified by a com- 
plete salt mixtuHi, were added to the diet. Even when carrot 
solids formed one-half of the total solids of the diet, the effect of 
boiling was practically negligible, so far as any influence on the 
weight curves was concerned. Certainly'’ the cooking of carrots 
used in human dietaries, when combined with other foods on any 
scale at present imaginable, cannot be supposed to have deleterious 
effects, so far as the results of these experiments are concerned. 
In saying this, we do not forget the interesting experimental 
work of the Norwegian investigators, Holst and Frolich (3), who 
report that they were unable to produce scurvy in rats, though 
animals subject to scurvy showed the deleterious effects of cook- 
ing upon antiscorbutic vegetables. 

General Effects of Exclusive Carrot Diets. 

All of the exclusive carrot diets produced a constant and con- 
siderable degi’ce of diuresis. This diuresis was not altogether 
due to the large water content of the vegetable since some de- 
gree of diuresis was observed in animals fed on a diet of dried 
carrots. 30 tc» 45 gm. of urine were collected upon several occa- 
sions in 1 day, from a 200 gm. rat. Also the feces were greatly 
increased in amount and somewhat increased in water content; 
at times they showed large amounts of undigested matter, par- 
ticularly in animals not yet accustomed to the diet, and at times 
there were periods of diarrhea. Rats of 150 gm. or over had 
much more difficulty when first introduced to the carrot diet, 
than did those of 40 to 90 gm. All animals during the earlier 
periods of exclusive carrot feeding showed the familiar symp- 
toms of malnutrition, such as great restlessness, generally increased 
nervous irritability, emaciation, rough coat, and humped back 
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(muscular weakness or perhaps failure of muscles to keep pace 
with growth of bones). For some days or weeks also, they showed 
distended bellies, presumably due to distention by undigested 
carbohydrates or other residu(i, for there was no unusual accu- 
mulation of gas and no abdominal dropsy. 

Two litters of rats, born of mothers living on low protein and 
carrot-rich diets, died at 2| and 5 weeks respectively. It seemed 
that the high degree of diuresis shown by the mothers at that 
time might have prevented a proper flow of milk. 

Nutritive Components of Carrots. 

The carrots used in most of these experiments showed by usual 
Kjeldahl test about 1 per cent protein (N X 6.25) on the basis of 
fresh w^eight (if not at all wilted), or an average of nearly JO per 
cent on the basis of dry weight. It is believed to be the case 
that a large part of this nitrogen does not occur as protein, but 
that fact need not enter into the discussion here pnisented. 

It is only under the most favorable conditions, and when car- 
rots arc fed without dilution of their protean by addition of 
starch or fat, that the c.arrot nitrogen is able to maintain body 
weight in equilibrium without the addition of foi'eign piotein. 
When circumstances permit, however, not only does maintenance 
occur upon the f?xclusive carrots plus salt mixture diet, but there 
is even an interval between 3 and 8 weeks after the time feeding 
wa*s started, when there may be a distinct tendency to fatten with 
increaiie of weight, although little or no growth of skeleton has 
occurred (see weight curves of No. 28, Chart II ; first 5 weeks of 
Nos. 1, 10, and 12, Lot III, Chart I). 

However, when the proportion of nitrogen in the diet was rc- 
tluced by adding starch and fat to the carrots (fortified with salts 
but not with casein or any source of nitrogen), the animals are 
no longer able to maintain their body weight even for a period. 

That carrots contain a not inconsiderable amount of both the 
water-soluble and the fat-soluble vitamines is evident fiorn the 
growth curves of Lots I, II, III, and IV, Clyut I, and Lots VII 
and VIII, Chart 11. None of these diqf-s contains any source of 
the water-soluble vitamine, outside of the carrots.^ All of these 

■ i We know this to be the case, for a set of control animals fed with these 
same lots of purified casein, starch, salts, and butter fat, made up into a 
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growth curves continue normal through the first generation. Re- 
production took place in case of all females, as soon as they were 
put with the males. The young, however, are not making per- 
fectly normal growth, and the cause of this is still under inves- 
tigation. Variations in the nutritive values of carrots from dif- 
ferent lots are also being studied. 

Dropfiy in Albino Rats as Induced hy Carrot Diets. 

The problem of dicil as related to dropsy is one of greater im- 
portance and interest than ever before, since the appearance of 
‘‘war dropsy” among the victims of malnutrition during th(‘ pres- 
ent war. It has been pretty gcmerally ascribed to a lack of fat; 
but from our expeiience with albino rats, wc are inclined to attach 
at U^ast ecpial if not grcat(‘r importance to the protein or nitrogen 
content of th(^ diet. 

In the mixtur(‘s used for feeding rats in Lots XV, XXXI, and 
XVI, ('liart 1, the carrot proteins (NX 6.25) constituted between 

4 and 5 p(n’ cent of the entire dry weight; instead of constituting 
about 10 p(5r cent, as in the exclusive carrot diets. 

Lot XVI was fed on the following diet. Haw chopped carrots, 
'Sib gm.; cornstarch, 30 gm,; complete salt mixture, 3 gm.; lard, 

5 gm. No. 76 died at the end of 3 weeks; no dropsy was ob- 
served. No. 68 died at the end of 5 weeks with a large amount 
of fluid in both periton(»al and thoracic cavities. No. 59 died at 
the end of 7| weeks. A large amount of fluid was colh^cted sub- 
cutaneously on the chest several days preceding death; this 
fluid soon escaped freely, whetting the hair along the midventral 

synthetic diet, exhibited in their growth curves satisfactory evidence of 
the absence of the wiiter-soluble vitamine. We also tested anot^icr sot of 
control animals with the star<;h, salts, lard, and purified ca.sein, plus an 
alcoholic extract of w’heat germ; although not all of the symploms were 
obtained which we expected in absence of the fat-soluble vitamine («.{/., 
edema of the eyes), yet there was a striking differonce between the growth 
curve.s and general appearance of these rats, and those fed on a diet iden- 
tical with' it, except fqr the replacement of 5 per cent lard by 5 per cent 
butter fat. Except for a very small amount of fat-soluble vitamine which 
may be present in some of these purified foodstuffs used as fortifications, 
carrots are the only source of vitamine in Lots VII and VIII. Further 
investigations arc being made on this point. 



258 Dietary Qualities of Carrots 

line; the amount of fluid found at autopsy was much above 
normal. 

Lot XV was fed same di(^t as above except that butter fat 
replaced lard. Of this lot No. 79 showed the same appearance at 
autopsy as No. 68 above. Nos. 55 and 75 died at the end of 8 
weeks as a result of accident, but had shown no dropsy up to 
that time. Lot XXXI was fed the same diet as Lot XV above. 
No. 123 died at the end of 3 weeks, No. 130 at the end of 7| weeks, 
but no dropsy was observed in either case. No. 115 exhibited a 
remarkable case of dropsy; indeed the weight curve alone shows 
it most markedly, for there was an increase from 42 to 67 gm. in 
body weight wdthin a few days before death. This increase was 
entirely due to the dropsy, as the animal had been steadily losing 
weight for some time. The day before death the right eye was 
seen to be badly swollen and almost closed. This swelling gradu- 
ally spread over the entire body. At autopsy extensive collec- 
tion of lymph was found under the skin of the legs and of the 
entire body, also in the thoracic and abdominal cavities.^ 

As yet we have had no true cases of dropsy in rats fed on cai - 
rots plus starch plus salts, without the addition of fat although 
such diets have been running for 10 weeks. In this lot Rats 85 
and 86 died at the end of the 8th week. At no time was any 
marked swelling noticed in either, but in both there was a notice- 
able swelling of the eyelids a little more than a week before the 
time of death. From the time the swelling was first noticed, there 
was an escape of fluid which kept the hair around the mouth 
and midventral line of the body wet. At autopsy neither of 
these rats had an abnormal amount of fluid either subcutaneously 
or in the thoracic or peritoneal cavities, but judging from the 
rate at which the hair became wet, after being washed and dried, 
probably 1 or 2 cc. of fluid escaped in this way daily. 

There have been no cases of dropsy on fresh, cooked, or dried 
carrots plus salts. This work on dropsy is very incomplete, but 
is still in progress and will be reported later. 

* Autopsies and further study were given all 4hese cases by Dr. H. 
Gideon Wells, of the Department of Pathol<^y, who will doubtless report 
his findings in due time. 
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BtTMMARY. 

1. Ordinary methods of cooking? do not percept, i])ly injure the 
nutritive vahu^ of carrots, or certainly not when used as part of a 
mixed diet. Howeve^r, a considerable portion of the caloric value 
of tlie food is lost when the wiiter used in cooking; is rejected, as 
shown by the greater food con-sumption of animals on this diet, 
when the juice in whi(di the (airrots wei-o boiled is not added to 
their food. 

2. Carrots when properly supplemented with starch, purified 
comirK'.rcial casein, butter or lard, and salts, to such an extent 
that oO per cent of the caloric value of the diet is still derived 
from (carrots, will produce normal growth and reproduction in 
albino rats. 

3. Carrots as an exclusive diet, except for the addition of cal- 
cium, phosphorus, sodimn, and chlorine, may support, animals in 
apparently good health for as long as 16 weeks. Although there 
is no growth, the animals on this diet may maintain and at times 
even increase their own body weight. Due to a great variation 
in the nutritive value of carrots of different lots and in the vitality 
of different animals, results with this diet arc somewhat inconstant. 

4. Carrots have a considerable amount of both the water- 
soluble and fat-soluble vitamines. 

5. Dropsy occurs in a large per cent of nits fed on a carrot 
diet, when the proportion of nitrogen has been reduced by the 
addition of some non-nitrogenous foodstuff, such as fat or starch. 
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Chart I. 
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Chart I. Growth curves and food consumption curves. Rations for 
rats. 


Period 

1 

2 

3 

4 


6 

Carrots, gm 

1,000 

1,000 

1,000 

1,000 

1,000 

750 

Salt 11, “ ... 

4.25 

4.25 

4.25 

4.25 

4.25 

3.19 

Salt III, “ 


3.7 

3.7 

3.7 

3.7 

3.8 

Starch, 


48 

24 

12 

12 

37 

(Casein, ... 


24 

12 

24 

24 

24 

Butter fat, gm. 
Water for 


20 

10 

10 

10 

10 

paste, 


400 

m) 

300 

150 

150 


Salt Mixture 11. 


Om. 

(hi lactate 1.57 

NaCl.' 0.5 

Call,(P 04 h, -f 11,0 0.0 


Salt Mixture III. 


gm. 

NaCl 0.173 

Na2S04 0.318 

NaHzPO^ 4 . 0.347 

KsHPO^ 0.954 

CaH4(P04)2 + H,0 0.540 

t'a lactate 1 . 300 

Fc lactate 0.118 
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Chart IT. 
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Chart 1L Showing growth curves of Lois VIJ, VIII, V, XV, XXXI, 
and XVI. Ration for Lots VII and VIII same as for Lots II and III, 
Chart I, at corresponding pcriotls except that lard was used instead of 
butter. Ration for Lots V, XV, XXXI, and XVI as follows: 



Lot V. 

LotHXVandXXXI. 

ijot xvr. 

Carrots, gm 

UK) (Dry.) 

375 (Fresh.) 

375 (Fresh.) 

Salt 11, 

4.25 

1.6 

1.6 

Starch, “ 


30 

30 

Salt III, “ 


1.4 

1.4 

Fat, 


5 (IRitter.) 

5 (Lard.) 

Water, cr 


75 

j 

75 




CREATINURIA. I. 

EXOGENOUS ORIGIN OF URINARY CREATINE.* 

By II. STEENBOCK: and E. G. GROSS. 

(From the Department of Agricultural Chemistry, University of Wisconsin, 

Madison. ) 

(Received for publication, September 20, 1918.) 

In recent years there is probably no jw'oblern of intermediary 
metabolism in animals that has occupied the attc'iition of, and 
been subjected to experimental investigations b 3 ^ physiological 
chemists as much as that of creatine and creatinine. In part 
this is due to t he excellent work of Folin who has made a quanti- 
tative determination of these compounds possible, but to a con- 
snlerable extent it is nlso du<^ to the apparent l.y many interesting 
and puzzling relations of these compounds in theij* origin and fate 
in the animal body in health and in disease. 

It is not intended to present here a lengthy rdsuine of the gen- 
eral progress that has been inad(5 in this field (except in so far as 
ii^ just ice to others it becomes imperatives to point out in what 
respecds our points of view agree with, or diffei^ from those held 
1)3^ others. In this paper we shall present some of th(^ factors 
which we believe to be responsible for the apj>arent anomalies 
presented 1 ) 3 '^ the Appearance and disappe^aramje of cr<aitine in 
the urine under diffcreait dietaiy conditions. 

Fasting, 

Creatine was first observed to be a constituent of the urine of 
fasting man by Benedict^ and Cathcart.^ Dorner'^ 

* Published with the permission of the Director of the Wisconsin Ap;ri- 
cultural Experiment Station. 

* Benedict, F. G., Carnegie Institution of Washington, Publicalion 77, 
1907. 

® Cathcart, E. P-, J. Physiol., 1 900*07, xxxv, SCO. 

® Dorncr, G., Z. physiol. Chem., 1907, Hi, 225. 
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same observation on fasting rabbits. Since then Richards and 
Wallace,^ Underhill and Kleiner,^ Howe and Hawk,® and others 
have obtained corresponding results with dogs, but McCollum 
and Steenbock,’ in 1912, found that the pig fasting for as long a 
period as 14 to 16 days did not excrete creatine. This surprising 
observation led to the formulation of the thesis that the pig, in 
comparison with most other aninials having greater capacity to 
store fat, might be possessed of greater ability to use fat during 
emergencies and thus conserve such other body tissues as would 
liberate creatine in their disintegration. In an attempt to con- 
firm these observations and establish this hypothesis with addi- 
tional data we have been surprised to find that the failure of the 
pig to excrete creatine during fasting, at least witli the animals 
from the University herd, is the exception rather than the rule. 
To establish the reason for these differences our invcvstigatioiis on 
creatine excretion have become rather more extensive than orig- 
inally planned. 

Mendel and Rose® in studying creatinuria in the rabl)it also 
observed a difference in the behavior of animals with respect to 
the ease v;ith which creatinuria was induced. One rabbit in an 
exceptionally good nutritive condition had creatine in its urine 
in more than traces only as the period of fasting was exceptionally 
protracted. It is evident, that with careful control of the diet 
or even withholding of all foods there obtain conditions in the 
apparently noraial animal which determine the presence or 
absence of creatine in the urine. 

Cathcart® reported that creatine excretion induced in men b}^ 
fasting could be reduced to nil by the administration of a diet 
practically nitrogen- and fat-free. Mendel and Rose® criticized 
Cathcart^s results as the diet employed by him was far from 
having an insignificant nitrogen content, but with the diet abso- 
lutely free from nitrogen and fats they obtained with rabbits 

results the same as CathcarUs. 
w 

* Richards, A. N., and Wallace, G. B., J. Biol. Chem., 1908, iv, 179. 

^ Underhill, F. P., and Kleiner, I. S., J. Biol. Chem., 1908, iv, 167. 

® Howe, P. E., and Hawk, P. B., J. Am,. Chem. Soc., 1911, xXxiii, 215. 

7 McCollum, E. V., and Stcenbock, H., J. Biol. Chem., 1912-13, xiii, 209. 

® Mendel, L. B., and Rose, W. C., J. Biol. Chem., 1911-12, x, 213. 

® Cathcart, E. P., ,/. Physiol., 1909-10, xxxix, 311. 
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That carbohydrate feeding in many instances is able to reduce 
the amount or even prevent the appearance of creatine induced 
by fasting is brought out in Table I in our experiments with a 
pig. A pig was confined in a metabolism cage and 24 hour col- 
lections of urine were made. Nitrogen was determined by the 
Kjeldahl method, and creatine and creatinine bj^ Folin’s original 
method using Benedict's method of dehydration for the creatine. 
The picric acid used was found to be sufficiently pure to preclude 
the possibility of introducing an error greatei* than is ordinarily 
unavoidable in the method. The analyses were made daily, 
chloroform and toluene being used as the preservatives. 

TABLE r. 

Pig, male, weight 23 kilos. Fasted 3 days before col lections wen' made. 


Duy of 
collection. 

Urinary N. 

Preformed 

creatinine. 

Total 

creatinine. 

Creatine m 
creatinine. 

Diet. 


gm. 

gm. 

gm. \ 

gm. 


1 

5.10 

0.425 

0.708 

0.2S3 

Fasting. 

2 

6.00 

0.302 

0 812 

0.509 


3 

5.24 

0.447 

0.830 

0.388 

li 

4 

3,66* 

0.330* 

0.564* 

0.234* 

<( 

5 

3.51 

0.372 

0.760 

0.422 

Starch 500 gi 

6 

3.10 

0.5(Ki 

0.581 

0.075 

“ 500 

7 

1.91 

0.490 

0.490 

0.000 

“ 500 

8 

1 87 

0.590 

0.079 

0.083 

“ 500 ' 


* Incomplete collection. 

As is seen in Table I the ingestion of 500 gm. of star(*h daily 
soon resulted in a marked reduction in creatine elimination. 
Concomitantly there is ol)scrved a reduction in nitrogen (excre- 
tion. The feeding of (carbohydrate may have a very |)ron()un(*ed 
effect on creatine excretion in fasting as indicated above, but this 
is not necessarily always the case for reasons indicated latter. 
With the pig hcTc under observation the nitrogen of the urine at 
the beginning of fasting was exc(^ptionally high. This may have 
accentuated th(i observed favorable influoncc of carbohydrate 
feeding. 
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Acidosis, 

Underhill and coworkers, in 1916, on the prejmises stated by 
them, “that in nearly every instance in which creatine appears in 
the urine there is an accompanying acidosis suggests the hypoth- 
esis that a condition of acidosis in the body is responsible for the 
appearance of creatine in the urine, carried out a series of ex- 
periments wdth the rabbit. They concluded ‘That there is an 
interrelationship between acidosis and creatine elimination. 
Creatine in the urine may 5^rove to be an index of a condition of 
acidosis in the organism.^’ In a later paper they biing out the 
fact that acidosis is not the only factor responsible for creatinuria 
as in the phlorhizinized dog administration of sodium bicarbonate 
leading to the voiding of alkalim^ urines was without appreciable 
influence upon th(‘ elimination of creatine. Again t hey state “cre- 
atine may appear in the urine in states of a(‘idosis wluai carbo- 
hydrate deficiency is not involved and (ireatinuria may be present 
during carbohydrate deficieiicj^ even in the absences of atadosis.” 

That creatine elimination when occuiring in the pig may be 
dependent at least in part, upon an acidosis is brought out. in 
Table II. A fasting pig was given by sound 30 gin. of sodium 
acetate, dissolved in water, in two portions on 2 successive days. 
The urine turned alkaline to litmus and the creatine as well as 
the total nitrogen was immediately reduced. Such data were 
obtained in many cxpcrinnuits, but as acidosis is not the sole 
determinant of (creatinuria any more than caihohychatc de- 
ficicuKjy th(?y will not be presented here in toio. 

Although creatinuria induced by fasting in the pig can be je- 
duced in degree or even prevented by carbohydrate fec^ding as 
well as by the ingestion of virtually or potentially alkaline salts, 
yet it need not necessarily be prevented by a combination of the 
two. This is brought out in Table III. 

As is observed in Table III the creatine in the urine, while 
reduced in amount by the ingestion of both carbohydrates and 
alkalies, is not entirely removed. As the pig was getting a great 
excess of carbohydrate over that necessaiy to cover his energy 

Underhill, F. P., J, Biol. Chem., 1916, xxvii, 127, 141. Underhill, 
F. P., and Baumann, E. J., ibid.^ 147, 151. ,, Underhill, F. P., and Bogert, 
L. J., ibid., 101. 
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requirements, tihd a sufficient amount, of sodium acetate to make 
his urine strongly alkaline to phenolphthalein, certainly then, 
neither acidosis nor carbohydrate deficiency could l)e said to be 
the determinants of crcatiimria. With a lower plane of cix^atine 

TABLE n. 

Pifii, male, vvoi^lit 25 kilos, Fasted 3 days before eolleetions \v<;re made. 


Day of 
colleetion. 

Urinary 

N. 

PrDfornied 

creutinino. 

Total 

creatinine, j 

Creatine aa 
creatinine. 

Diet. 


gm. 

gm. 

gm. 

gjn. 


1 

11.38 

0.312 

1.311 

0.999 

Fasting. 

2 

9.72 

0.318 

0.991 

1 0.673 


3 

4.19 

0.321 

0.409 

0.14.5 

iSodiiim acetate 

4 

A . 13 

0.383 

0.501 

0.118 



TABLE III. 

Pij;, male, 27 kilos. Fasted 2 days before eoll(‘etio?rs wore made. 


Day of collection. 

Volume of urine. 

2 

Reaction of 
urine. 

.Aiinmonia N. 

Preformed creati- 
nine. 

Total creatinine. 

Creatine as creati- 
nine. 

Diet . 


cc. 

gm. 


gm. 

gm. 

gm. 

gm. 



1 

fiTfl 

11.41 

Acid.* 1 

0,935 

0.574 

0.957 

0.382 


Fasti nj?. 

2 

450 

8.25 

U Dt 

0.f)03 

0.438 

0.877 

0.438 


K 

3 

360 

8.08 

tt * 

0 817 

0.434 

0.852 

0.417 



4 

600 

7.06 

Alkaline. t 

0.115 

0.048 

0.879 

0.231 ^ 

f 

i: 

Starch 250 f?m. 

Na acetate 30 gm. 

5 

1,025 

3.94 

" t 

0.248 

0 603 

0.774 

0.171 ^ 

r 

i 

Starch 500 gm. 

Na acetate 20 gm. 

0 

2,200 

3.22 

“ t 

0.267 

0.509 

0.774 

0.264 1 

r 

i 

Starch 500 gm. 

Na acetal 0 20 gm. 

7 

1,750 

3.54 

t 

0.148 

0.653 

0.854 

0.200 1 

r 

i 

Starch 500 gm. 

Na acetate 20 gm. 


* To litmus, 
t To phenolphthalein. 


elimination from that observed in this experimental animal we 
have every reason to believe that instances may occur where 
reduction of the acidosis or removal of carbohydrate fasting 
singly or jointly may lead to the total disappearance of the creat- 



270 


Creatinuria. I 


inuria. It should be emphasized that here again the reduction 
of the creatinuria was accompanied by a marked decrease in the 
nitrogen excretion. 

In an experiment carried out previous to those already cited 
we had made the attempt in a fasting pig, which failed to show 

TABLE rv. 


Pig, male, weigh! 35 kilos. Collections started on the 5th day of 
fasting. 


Day of 
collec- 
tion . 

Voltimo 

of 

inijn*. 

Urinary 

N. 

Acidity 
of 25 cc. 
urine. 

NaOH. 

Ammo- 
nia N . 

Ooati- 

ninc. 

Crea- 
tine as 
creati- 
nine . 

Diet, 


cr. 

gm. 


gm. 

gm. 

gm. 



I 

1,260 

3.57 

5.7 

0.257 

0.833 

0.000 

Wafer. 


1.440 

2.88 

4.1 

0.201 

0.761 

0.000 

n * 


3 

670 

2.76 

10.1 

0.201 

0.798 

0.000 



4 

700 

2 67 

6.7 

0.145 

0.833 

O.tKX) 

(( 


5 

1,405 

3.06 

3.0 

0.320 

0.759 

0.000 


+2 . 5 cc. c.r, IIC3. 

0 

1,350 

2.54 

3.5 

0.459 

0.624 

0.000 

n 


7 

1,490 

3.22 

4.3 

0 643 

0.946 

0.0(K) 


4 10 cc. r.p. nCA. 

8 

1,440 

2.37 

3.4 

0.869 

0.864 

0,000 

u 


0 

475 

1.41 

0.3 

0.249 

0.499 

0.000 

u 

■f 10 cc. c.p. 11(11.’“ 

10 

1,530 

3.39 

2.9 

0.881 

i 0.991 

0.000 

«( 


11 

1,385 

1.05 

2.6 

0.426 

1 0.669 

i 0 m 

(( 


12 

1,470 

1.75 

2.2 

0.;i52 

1 0.744 

0.000 

u 


13 

1,537 

1.94 

2.0 

0.325 

0.748 

0.000 

n 


14 

1,460 

2.47 

2.7 

0.671 

0.705 

O.IKK) 

a 

4- 10 cc. c.p. IfCl. 

15 

1,585 

2.85 

3.5 

1.109 

0 703 

0.000 

(( 

4- 10 “ 11(4. 

16 

1,450 

2.51 

2.4 

0 986 

0.700 

0.000 

n 

-f 5 “ “ IK'L* 

17 

1,535 

1 2.41 

2.5 

0 749 

0.656 

0.000 

u 


18 

1,545 

2.16 

2.0 

0.568 

0.625 

0.000 

it 


19 

1,515 

2.06 

2.1 

0.412 

0.613 

0.000 

u 



* Part of acid lost by vomiting soon after administration. On the 10th 
day of collection at least one-half of the acid was lost in this way, but 
collections of urine wer(j not contaminated. 


creatinuria, to produce creatinuria by the administration of an 
inorganic acid. That our. attempts were entirely unsuccessful, 
even though 5 and 10 cc. of concentrated hydrochloric acid were 
given on sutjcessive days, is shown in Table IV. 

The failure to induce creatinuria in this animal led us to atr 
tempt to repeat the experiment. We were, however, unable to 
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find another pijj; which did not have creatine in its urine, so that 
our endeavors were necessarily confined to attempts to increase 
the creatine excretion of animals already excreting creatine in 
the urine. In the experiment presented in Table IV we were 
impressed with the difficulty of producing a strongly acid-react- 
ing urine even when as much as 10 cc. of concentrated hydro- 
chloric acid were given to the fasting animal. It is true that our 
only measure of the acidity of the urine was a titrimetric measure 
of its alkali-nbsoi'bing capacity rather than its hydrogen ion con- 
centration, but in a rough way under many biological conditions 
such values have been shown to run sufficiently parallel for 
comparative results.^ ^ For detennination of the d('gree of acidity 
we have in latia* experiments determiruHl the h>'drogen ion con- 
centration of the urine by the colorimetric method using Clark’s 
standards.'*^ In all cases the acidosis induced by arad adminis- 
tration was but small as compared with the values on rabbits 
obtaiiHKl by Underhill . We secured additional ('vidcnco of the 
tendency to an acidosis, however, by the tremendous incr(^as(‘ 
in the values for ammonia. In some cases we also followcal the 
phosphorus excretions. 

As seen in Table V, upon the administration of 5 ca;. of con- 
centratiKl hydrochloric acid on 2 days the hydrogen ion con- 
centration was increased slightly, the ammonia increased greatly, 
yet the creatine did not increase; in fact., on 1 day after the acid 
was givcm the creatine disappeared entirely. With tliis animal 
the amount- of ^acid given could not- be imaeased as such attempts 
led t o immediate regurgitation of stomach contents. 

In Table VI a pig was given 1.53 grn. of hydrochloric acid 
diluted to 1 ,200 cc. with distilled water. The acid was given with 
a sound in four portions during the course of the day. The acid 
was traced to th(^ urine by the observed increased chlorides ex- 
cretion as determined ^by the Volhard- Arnold method. When 
acid was given there was a general increase in t-he hydrogen ion 
concentration of the urine although the effect was not observed 
immediately from day to day. On 3 out of the 4 days when 
acid was given there was a decided increase in creatine elimina- 

“ Henderson, L. J., and Palmer, W. W., J. Biol. Chem.., 1014, xvii, 305 
Clark, W. M., and Lubs, H. A., J. Bacteriol.f 1017 ii, 109, 101. 
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TABLE V. 

Pig, male, weight 30 kilos. Collections started on the 8th day of feeding 
the starch diet. 


Day of col- 
lection. 

Volumeof 

urine. 

« 

Urinary N. 

Ammonia N. 

pH 

Creatinine. 

Creatine. 

Diet. 


cc. 

(jm. 

gm. 


gm. 

gm. 




1 

3,200 

1.86 

0.193 

6.4 

0.649 

0.191 

Starch 300 gm. 

2 

2,150 

1.59 

0.189 

6.4 

0.731 

0.137 

u 

300 

(t 

3 

1,750 

1.63 

0.257 

6.4 

0.901 

0.130 

n 

300 

« 

4 

1,860 

1.85 

0.740 

6.0 

0 

1 

0.147 

it 

500 

“ +5 cc. c.p. HCl. 

5 

1,700 

1.70 

0.605 

6.4 

0.892 

0.000 

(t 

500 


6 

1,900 

2.01 

0.866 

6.0 

0.836 

0.114 

a 

500 

** +5 cc. r.p. HCI. 

7 

1,375 

1.86 

0.825 

6.2 

0.896 

0.101 

(( 

500 

a 


TABLE VI. 

Pig, male, weight 18 kilos. Fed on 350 gm. of starch daily 5 days before 
collections were made, but on the first 2 days food was refused, on the 
next 2 days it was partly consumed, and only on the last day just pre‘- 
vious to tire beginning of the record it was all consumed. 


j Day of coi- 
1 lection. 

1 Volumeof 

1 urine. 

i 

! 

1 Urinary N. 

1 Ammonia N. 

pH 

1 

1 

o 

Creatine as 
creatinine. 

Chlorides as 
HCl. 

PaO# 

Diet. 


cc. 

gm. 

gm. 


gm. 

gm. 

gm. 

gm. 


1- 

510 

1.63 

0.414 

7.4 

0.327 

0.032 

0.01 

0.54 

Starch. 

2 

550 

1.56 

0.295 

7.2 

0.396 

0.035 

0.09 

0.33 


3 

1,910 

1.86 

0.609 

6.3 

0.399 

0.130 

1.04 

0.32 

“ +HC11.53grn. 

4 

500 

1.37 

0.378 

6.5 

0.398 

o.oa5 

0.62 

0.30 


5 

1,676 

2.45 

0.610 

6.5 

0.399 

0.121 

1.29 

0.61 

“ »hHC11.47gm. 

6 

450 

1.90 

0.521 

6.3 

0.455 

0.065 

0.53 

0.53 

it 

7 

310 

1.47 

0.329 

6.1 

0.448 

0.045 

0.13 

0.53 

it 

8 

1,600 

1.83 

0.576 

6.5 

0.483 

0.078 

0.78 

0.54 

“ +HCll.53gm. 

9 

1,600 

1.88 

0.650 

5.9 

0.385 

0.115 

1.40 

0.61 

** + HCl 1.53 “ 

10 

370 

1.490.632 

5.8 

0.457 

0.035 

0.56 

1 0.38 

tt 

11 

310 

1.88jo.444 

' 6.0* 

0.405 

[0.100 

0.35 

0.46 

It 


* On the 2 following days as the starch diet was continued the pH had 
come back to 6.5 and 6.4 respectively. 
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tiv^n. This indicates that acid administration, even in the pig 
with its tremojidoiis capacity for counteracting the tendency to 
establish acidosis, can cause an increase in creatine excretion. 
During such times when the creatine did not increase it may be 
surmised that the acid-neutralizing mechanism may\ave been 
so efficient that the threshold for increased creatine production 
was not crossed. Weight is given to this point of view by the 
fact that on such days the hydrogen ion concentration of the 
urin(‘ w'as not very high. Our data are not of the character to 
establish this definitely, hut nevertheless we believe them to be 
strongly suggestive of this point of view. Whether by virtue of 
the comparatively slight increase in hydrogen ion concentration 
or the great increase in ammonia excretion, we art' willing to 
grant that an acidosis obtained; the fact nevertheless is clear 
that acid administration to the extent that it is tolerated by the 
animal may or may not inta-ease creatine elimination. Acidosis 
and carbohydratt' deficiency singly or jointly play a role in cer- 
tain forms of creatimiria. 

Protein Feeding, 

In 1911, when Meiulel and Kose*^ confirmed Cathcart^s^ obser- 
vations that creatimiria may be prevented by (carbohydrate 
feeding, they also stated that, “The metabolism of exogenous or 
H'serve proteins is not accompanw'd by the production of creatine 
or creatinin('.“ Just why they should reach this conclusion is 
not quite clear as their experimental data were not of the char- 
acter to bring out this point conclusively. In 1912, Folin and 
Denis^® in verifying Rosens findings that creatine is usually pres- 
ent in the urine of children, even on a creatine-free diet, stated: 
“We are inclined to believe that the creatine in children's urine 
does not depend .... on a peculiar carbohydrate metab- 
olism but that it is due to an excessively high level of protein 
consumption (in proportion to mass of muscles in tlu' body).’’ 
Furthermore, they said, “If the above hypothesis is correct it 
should be possible to reproduce in adults by forced feeding with 
protein which contains no creatine the conditions with reference 

Folin, 0., and Denis, W., J, Biol. Chem., 1912, xi, 253. 



274 


Creatinuria. I 


to creatine found in children and it should also l>e possible to 
obtain creatine free urine from children by reducing their protein 
consumption.” Shortly afterwards it was shown in this labora- 
tory’ that with the pig ingestion of protein from different sources 
could lea^ to decided differences in creatine excretion. The 
kind as well as the amount of protein ingested seemed to be 
important in this connection. Powis and Raper^^ concluded: 

Assimilation of food has littk^ or no influence on creatine excre- 
tion.” An increased creatine excretion during the day as com- 
pared with that during the night was attributed by them to 
differences in state of rest of the skeletal Truiscles. Denis^® was, 
however, unable to confirm their results. She found the creatine 
excretion highest after heavy meals and thei’cfore still adhered 
to the theory of exogenous origin of creatine. Later I^enis and 
Kramer^® proved one of the points which Folin and Denis^^ had 
postulated as being necessary to establish the exogenous origin 
of creatine. They expressed themselves as follows; ‘‘We have 
found that by feeding children diets extremely low in protein 
but of sufficient calorific value, it is possibk^ to obtain urines abso- 
lutely creatine-free. On feeding increasing amounts of protein, 
creatine excretion begins, increases da^^ by day, and if the j)ro- 
tein intake can be pushed tq a sufficiently high point may become 
considerably greater than the excretion of preformed creatinine.” 
Denis and Minot^’ subsequently also satisfied the other requisite 
demanded by the theory; that is, they Avere able to produce 
creatinuria in adults by feeding a high protein diet. It should, 
however, be mentioned that normal men in contrast with women 
presented a peculiar problem in that creatinuria has not yet been 
induced in them by high protein feeding. It has, however, been 
induced in a man afflicted with hyperthyroid activity. We shall 
discuss this later. 

In spite of the evidence cited above, Rose, Dimrnitt, and 
Bartlett,^ ^ while this paper was in preparation, have stated 

Powis, F., and Raper, H. S., Biochem. J., 1916, x, 362. 

** Denis, W., J, Biol, Chem., 1917, xxix, 447. 

Denis, W., and Kramer, J.'G., J, Biol. Chem.y 1917, xxx, 189. 

Denis, W., and Minot, A. S., J. Biol. Chem.y 1917, xxxi, 561. 

^*Ro8e, W. C., Dimrnitt, J. S., and Bartlett, H. L., J, Biol. Chem.y 
1918, xxxiv, 601. 
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^^that the theory which attriVjutes the excretion of ci'eatine on a 
creatine-free diet to an exogenous origin in the protein of the diet 
is unteiable.” Apparently they arrived at this sweeping con- 
clusion on the basis of their experiments in which they were un- 
able by high protein feeding to produce creatiniiria irrnien or to 
increase it in women. 

In the expe^riments which follow Wif shall indicate again that 
creatine in the urine can be caused to appear or if present can be 
caused to increase. in amount as the result r>f no othca* modifica- 
tion in the diet than the introduction of creatine-free protein. 
In Tabl(^ VII we hav(' a continuation of a record of performance 
of a pig fasted for 23 days, jis tabulated in Table IV. It was 
f(d 200 gm. of casein on lh(; 1st day and 400 gm. for 4 consecu- 
tive days thereafter. It, was tlum fasted, watc'r always being 
given ad Hhitimu This record indicates with wind rcmiarkable 
persistence th(* absence of cn^atine may be maintaiiu'd in spite of 
th(' long preliminary fasting period with acid ingestion. The 
final appearance of creatine with the ingestion of abnormally 
large amounts of protein, as W(‘ll as its subs('(piont rapid disap- 
pearanc(^ wh('n protein f(‘(ding was disc;ontinued, is perfectly 
(h'finite, and scarcely leaves rf)om for the arguimait that the 
very n'sistance to in<j(‘ption of creatinuria by protein feeding 
should speak against high protein as a major factor in cn^atinuria 
production. In th(^ case of this animal there is no doubt that 
smaller amounts of protein might have been fed evcai for a con- 
siderable time without the appearance of any creatine. 

The situation was entirely 'different with the animal n'corded 
in Table VIII, This pig which normally had enormous (luanti- 
ties of creatine in its urine doubled the excretion of its ert^atine 
when it was given only 200 gm. of castan. It may be stated that 
whenever creatine was already b(*ing excreted by an animal the 
^lount of protian necessary to produce a certain amount of 
creatine was far less than when it was originally absent. In 
speaking of creatine production it should not- f)e forgotten that 
the amount of creatine produced is undoubtedly not synonymous 
with the amount excreted. 

In the experiments detailed in Tables VII and VIII it was 
possible that the creatine elimination was indirectly due to the 
stimulation of endogenous metabolism resulting from the sulfuric 
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and phosphoric acids produced in the metabolism of the casein. 
To determine the r61e of these factors we next gave a number of 

TABLE vn. 


Same pig used as for Table IV, the collections being continuous. 
Weight of animal 28 kilos. 


Day' of 
oollectiou. 

Volume 
of urine. 

Urinary 
N. 1 

l^mmonia^ 
N. 1 

i 

Creati- 

nine. 

Creatine 
us creati- 
nine. 

Diet. 

20 

C’C. 

1,100 

gm. 

3.20 

gm. 

0.318 

gm. 

0.667 

gm. 

0.000 

Casein 200 gm. 

21 

1,180 

12.44 1 

0.900 

0.820 

0.000 

‘‘ 400 “ 

22 : 

1,430 

21.90 

1.779 

0.780 

0,095 

“ 400 “ 

23 

1,010 1 

33.62 

2.493 

0.799 

0.370 

« 400 

24 

1,925 

35.37 

2.701 

0.715 

0.683 

400 • 

25 

1,700 

32.55 

2.318 

0.678 

0.249 

Fasted . 

26 

1,130 

16.19 

1.056 

0.695 

i 0.051 

u 

27 

1,700 

7.00 

0.520- 

0.791 

0.000 

it 

28 

1,415 

3.18 

0.331 

0.736 

0.000 

1 “ 


TABLE Vm. 

Pig, male, weight 24 kilos. Previous to the beginning of the collections 
recorded in this protocol the pig fasted for 8 days, on one of which, 4 days 
before the collections tabulated below were made, it received 80 gm. of 
sodium acetate. 


i . 
I-I 

Volume of ! 
urine. j 

Urinary N . 

Ammonia N. 

Reaction to litmus . 

c> 

c 

!s 

I 

c 

Creatine as i 
creatinine. | 

Diet. 

I 

cc. 

1,250 

gm. 

4.83 

gm. 

0.256 

Slightly alkaline. 

gm. 

0.460 

gm. 

0.481 

Fasting. 

2 

1,640 

4.41 

0.271 

it 

it 

0.563 

0.429 


3 

1,925 

4.05 

0.309 

tt 


0.482 

0.539 


4 

2,675 

8.14 

0.480 

it 

tt * 

0.424 

0.924 

Casein 200 gm. 

5 

3,500 

14.78 

0,464 


« 

0.328 

1.094 

Fasting. 

6 

1,400 

5.46 

0.403 

it 

it 

0.333 

0.344 

u 

7 

2,700 

6.96 

i0.208 

it 

tt 

0.307i 

0.614 

tt 

8 

2,200 

3.94 

0.506 

, 

Neutral. 


0.321i 

0.524 

it 


* Almost neutral. 


pigs an amount of sodium acetate sufficient to keep their urine 
strongly alkaline, especially on the days when the casein was fed. 
The data of such experiments are recorded in Tables IX, X, and 
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XL They were obtained on the same animals as those already 
presented in Tables I, II, and III respc^ctively. 

That the r61e of inorganic acid having its origin in the nietab- 
olisiu of exogenous protein is a minor or even a negligible one 
in creatine production, we have proved to our satisfaction in 
still another way. It was found that while protein fec^ding would 
cause an increase in creatine excretion, amounts of hydrochloric 
acid (^ejui valent to the potential aciflity of the sulfur of the in- 

TABLE IX. 

Same pig used as for I. After the eomplction of that record the 

starch diet was continued the following 5 days before the collections tabu- 
lated below were made. On the 2 days imrncdiatfdy previous to this record 
20 gm. of sodium acetate were given daily. 


Day of col- 
lection. 

Volume of 
urine. 

Urinary N. 

Ammonia N. 

Hcaction to 
l>i»euolphf hal- 
ein. 

.9 

6 

Creatine as 
creatinine. 

Diet. 


cc. 

gm. 

gm. 


gm. 

gm. 


1 

1,820 

1.33 

0 047 

Alkaline. 

0.509 

0.142 1 

Starch 500 gm. 

Na acetate 20 gm. 

2 

1.150 

1.82 

0.021 


0.512 

r 

0.239 { 

[ 

r 

Starch 500 gm. 

Na acetate 20 gm. 
Starch 5(K) gm. 

;; 

1 ,025 

3.97 

0.120 


0.520 

0.540 

Na acctfito 22.5 gm. 







1 

C'asoin 100 gin. 

1 

1,250 

3.21 

[ 0.214 

, Acid.* 

0.517 

0.109 ( 

1 

Starch 500 gm. 

Na acetate 17.5 gm. 

Ti 

1 ,;i50 

1 i 

3 25 

1 

0.071 

Alkaline. 

0.514 

0.319 1 

Starch 500 gm. 
i Na acetate 20 gm. 


* Alkaline to litmus. 


gested protein were entirely ineffective. Needless to say, these 
experipieiits in comparative efficacy of protein and its acidity in 
creatine production had to be carried out on the sanu' animals 
and furthermore could only be demonstrated with animals already 
excreting creatine. With others such as those of which the rec- 
ords were presented in Tables IV and VI th(^ amount of protein 
necessar>^ to produce creatinuria is so large that when attempts 
were made to give equivalent amounts of acid, vomiting resulted. 



278 


Creatinuria. 1 


TABLE X. 


. Same pig used as for Table TI. Only 1 day intervened betwee;n the two 
records, during which there was no change in diet. 


Day of col- 
lection. 

Volume of 
urine. 

Urinary N. 

Ammonia N. 

Ileaction to 
phenolphthal- 
ein. 

Creatinine. 

Creatine as 
creatinine. 


Diet. 


cc. 

gm. 

gin. 


gm. 

gm. 



1 

1,750 

2.81 

— 

Alkaline. 

0.548 

0 208 < 

f 

1 

Starch ,500 gm. 

Na acetate 30 gm. 

2 

1,550 

l.GO 

0.067 

! 

1 

0.604 

0.212 < 

f 

1 

f 

Starch 500 gm. 

Na acetate 30 gm. 
Starch 500 gm. 

3 

1,400 

5.75 

0.1,54 


0.623 

0.811 ^ 

I 

[ 

Na acetate .50 gm. 
Casein 2(K) gm. 

4 

1,720 

' 7.29 

0.152 

u 

0.573 

0.643 i 

( 

[ 

Starch .500 gm, 

Na acetate 40 gm. 

5 

1,500 

3.58 

0.063 

“ 

0.770 

0.137 1 

f 

Starch 51X) gm. 

Na acetate 30 gm. 

0 

1,500 

2.17 

0.064 


0.787 

0.169 I 

r 

Starch 500 gm. 

Na acetate 30 gm. 


TABLE XL 

Same pig used as for Table III. -The first 2 days of this record are 
taken from Table HI to bring out the efTect of casein feeding on the creatine 
increase. 


Day of col- 
lection. 

Volume of 
urine. 

Urinary N. 

Ammonia N. 

Reaction to 
phenolphthal- 
cin. 

Creatinine. 

Creatine as 
creatinine. 

Diet. 


cc. 

gm. 

gm. 


gm. 

gm. 


1 1 

2,200 

3.23 

0.268 

Alkaline. 

0..509 

0.265 1 

Starch 500 gm. 

Na acetate 20 gm. 

2 

1,750 

3.54 

0.148 

ti 

0.654 

0,200 1 

Starch 500 gm. 

Na acetate 20 gm. 
Starch 500 gm. 

3 

1,750 

8.96 

0.169 

ii 

0.642 

0.578 

Na acetate 30 gm. 
Casein 100 gm. 

4 

1,620 

4.25 

I 0.232 

a 

0.602 

0.128 1 

Starch 500 gm. 

Na acetate 30 gm. 

5 

1,800 

3.61 

0.154 

<< 

0.640 

0.104 1 

Starch 500 gm. 

Na acetate 20 gm. 
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In the calculations, sulfur was assumed to be completely oxidized 
to sulfuric acid. The results of one such experiment are pre- 
sented in Table XII. 

TABLE XII. 

Pig, male, weight 13.6 kilos. The? pig was fasted for 3 days. It then 
ate 260 gm. of starch in the form of a paste daily for 6 days, on one of 
which, 2 days before the collections tabidated below were made, it re- 
ceived 0.75 gin. of HCl in addilion. 600 cc. of distilled water with or 
without the acids were given daily by means of a sound. 


Day of col- 
lection- 

Volume of 
urine . 

Urinary N. 

o 

s 

S 

Creatinine. 

Creatine aa 
creatinine. 

aa 

s 

2=5 

U 

Vd)f. 

Diet. 


cc. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm . 


1 * 

1,000 

0.08 

0.316 

0.286 

0.055 

0.538 

0.279 

Starch 250 gm. 

2 

1,000 

0.73 

0.203 

0.270 

0.081 

0.350 

0.233 

“ 250 “ 

3 

1,(XK) 

0.78 1 

0.208 

0.280 

0.048 

1 . 172 

0.178 { 

250 “ 

11(3 0.76 gm. 

4 

1,000 

0.84 

0.407 

: 0.307 

0.052 

1.102 

0.180 / 

1 

Starch 250 gin. 

HCl 1.52 gm. 

5 

700 

1.28 

0.520 

0.317 

0.052 

0.414 

0.348 

Staridi 250 gm. 

6 

650 

4.60 

0.575 

0,308 

0 161 

0.652 

0.322 1 

“ 158 “ 

Edostiu S3. 3 gm.* 

7 

1,025 

3.00 

0.504 

0.345 

0.620 

0.433 

0.378 

Starch 250 gm. 

8 

050 

1.06 

0.360 

0,313 

0.074 

0.348 

0.258 

“ 250 “ 


* The edeatin wa.s not a pure preparation, but contained some carbohy- 
drate which reduced its N to 14.55 per cent and its S to 0.71 per cent. 
Calculated over into IbSOi its S would be equivalent to 1.31 gm. of HCl 
in acidity. 


DISCX;SSIOK. 

have now demonstrat(*d to our satisfaction that in the 
pig, creatine in the urine may or may not be produc(‘d ])y fast- 
ing. From data previously presented as well as from later oc- 
casional observations wi' have noticed that animals giving every 
external appearance of being normal may or may not. have crea- 
tine in the urine on such rations as it is customary to feed in good 
animal husbandry practice. We have also shown that the crea- 
tinuria obtaining during fasting may be reduced by carbohydrate 
feeding or by the administration of alkali, but that both treat- 
ments applied simultaneously need not necessarily prevent it. 
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In addition, we are convinced that acid administration resulting 
in a slight acidosis may or may not increase the creatine, and 
that protein feeding, if sufficiently int<msive, will always produce 
creatinujia or if already pres(ait will incj’eascj it in degree. This 
effect obtains even during alkallosis and cannot be attributed to 
acids resulting from the metabolism of the protein molecuh'. 

We realize fully that our conclusions are at variance with 
naany that have been made on an apparently unimpt'achable 
experimental basis and we realize also that in the contentions 
here presented, it may appear as though confusion in the study 
of creatine meitabolism has been increased rather than dimin- 
ished. On critical analysis this shows itself to be far from 
the case. We are convinced that in one form or another crea- 
tinuria is etiologically related to protefe metabolism, whether of 
exogenous or endogenous origin, and that in addition, in a maimer 
as yet unknown, it is related to the creatine stori'd in the muscles 
and othei' tissues as well. With this fundamental conception it 
becomes possible to corjieiate all reliable observations hitherto 
made on creatine excretion. 

Since Folin,^’* in 1906, showed that (jreatine ingested by man 
did not often make its appearance in the urine or even increase the 
nitrogen excretion, the idea has been quite pi-evakmt that ingested 
creatine is absorbed by the "muscles and that creatinuria is then 
related to the degree to which saturation of the muscle obtains. 
Thus Denis^*’ in discussing the effiict of high protein diets stated: 
^'It is exceedingly improbable, however, that luiy creatine excre- 
tion would result were tlu* diet given to these hyperthyroid 
patients eaten by a normal woman. It would therefore seem 
possible that in this condition and in some other pathological 
conditions, as well as in childhood, the saturation point of t||e 
muscle for creatine is low, a hypothesis supported by the low 
values foj’ muscle creatine found in children and in persons suffer- 
ing from exophthalmic goiter.’^ We can hardly see the force of 
this argument though we readily accept the conception of crear 
tine storage and consider that it probably is a misstatement as 
Denis previously stated in the same article: ^^As a working 
hypothesis it may be suggested, therefore, that on the ingestion 

*®FoUn, O., Festschrift Olof Hammarsten, Upsala, 1906, paper iii 
Denis, J. Biol. Chem., 1917, xxx, 47. 
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of protein some fraction of this is transformed into creatine, 
transported to the muscles, and there absorbed. If so much 
creatine is manufactured that the muscles become supers^^tu- 
rated, creatine is excreted by way of the kidney/’ Again, Rose 
and coworkers^® state: “Accordingly, the creatine excretion in 
children, and in adults with exophthalmic goiter may .be due not 
only to the high protein of the diet, but perhaps also to a low 
saturation point of the muscle for creatine.” 

The creatine content of the muscle in its relation to creatinuria 
obtaining as it often does over long periods of time must be sec- 
ondary in importance. While a certain amount of creatine 
found in the urine can have its origin in the creatine of the tissues, 
in the final analysis of creatinuria ‘we must consider from what 
source of materials even that creatine was originally formed. 
Reduced to its simplest terms the present immediate problem 
resolves itself into a consideration of the mechanism of the for- 
mation of all creatine, as in the light of ]>rcsent experimental 
data we arc not warranted in assuming that the creatine of the 
muscles owes its origin to different metabolic processes from that 
of the creatine excreted in the urine. 

Creatine is fonned from precursors in the protein molecule. 
Whenever the protein molecule is disintegrated, these precursors 
arc liberated and to the extent that they are not utilized in the 
body an attempt is made to utilize their energy. In part, this 
results in the formation of urea but, as with the guanidine residue 
in arginine, urea foipiation to the exclusion of the formation of 
other nitrogenous decomposition products is not possible. Ar- 
ginine may be catabolized by two evssentially different processes. 
It may be split into urea and ornithine* which ultimately is also 
dearninated and excreted as urea, or it may be split into com- 
ponents leaving the guanidine grouping intact. In the latter 
instance cleavage would occur at the linkage of the carbon chain 
with the imino group, or the carbon chain would be dearninated 
and then oxidized to a two-carbon residue, — acetic acid. In thr^ 
one case guanidine would be formed which would be acc^tylated- — 
as guanidine is exceedingly toxic, while guanidine acetic acid is 
practically innocuous; in the other case we would alread}^ have 
guanidine acetic acid; in either case methylation would result in 
the formation of creatine. The biological methylation of guani- 


THK JOURNAL OF BlOtiOOIOMy CUGMIjiTRY, VOt.. XWVI, NO. 2 
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dine acetic acid has been demonstrated experimentally,® so 
that this step offers no difliculty for conception, but we are not 
prepared to say by which of the two methods the formation of 
guanidine acetic acid occurs. In the inira vitam synthesis of 
creatine Henderson^s*® observations are of interest. She found 
that in parathyroidectomized dogs a decrease in the free guani- 
dine of the muscle tissue corresponded w(?ll with ari observed 
increase in creatine. At any rate, according to our hypothesis 
creatine is an end-product in the catabolism of certain precursors 
in the protein molecule just as urea is of others. 

The above conception may be challenged on the basis of data 
pointing to the great variability in the amount of creatine ex- 
creted under different conditions and especially on account of 
the lack of a definite ratio between the total nitrogen and the 
creatine nitrogen. Howe and Hawk® stated: ‘‘That tluae is a 
direct relation between the amount of nitrogenous material 
catabolized and the creatine excreted is brought out in our re- 
sults.^^ But later*® they point out the discrepancy in the amount 
of nitrogen eliminated and the creatine nitrogen if reh^rable to 
complete muscular disintegration. In proportion to creatine 
nitrogen the total nitrogen should have been higher. Benedict 
and Osterberg*^ stated: *‘Th(a’e is no parallelism between body 
tissue destroyed, and creatine elimination. Sparing the body 
nitrogen does not affect the creatine output.'^ And again they*^ 
may be quoted: “Myers and Fine have recently sugg(?st(^d that 
the reason carbohydrate is effective in causing cessation of 
creatine elimination is because of the sparing action on probiin 
metabohsm. Such an explanation would be more satisfactory 
were it not that the creatine wholly disappears upon a pure 
carbohydrate diet, while only a portion of the muscle tissue can 
lie spared by such a diet.” M. 8. Rose*® also found that in 
women, creatine elimination in the urine is not definitely influ- 
enced by protein in the diet. 

M., Z. phys'iol. Chem., 1906, xlviii, 430. 

** Henderson, P. S., J. Phynol,, 1918, lii, 1. 

*» Howe, P. K., Mattili, H. A., and Hawk, P. B., J. Biol, Chem,, 1911-12, 
X, 417. 

** Benedict, S. R., and Osterberg, E., J. Biol, Chem,, 1914, xviii, 195. 

Rose, M. S., /. Biol. Chem,, 1917, xxxii, 1. 
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We believe that the above arguments can l)e successfully 
answered from inforaiation available as a result of modern inves- 
tigations on protein metabolism, keeping in mind the possibility 
that the metabolism of creatine precursors may procured in dif- 
ferent directions and that the creatine precursors during main- 
tenance, but especially during growth, during body tissiu' les- 
titution, and during milk production are utilized and not 
completely metabolized to creatine. 

It is significant that creatine generally occurs in the urine* 
in instances where there is an increased protein catabolism; viz., 
during fevcirs, in exophthalmic goiter, in tumor cachexia, in post 
partum resoluti(m of the uterus, in hydrazine and phosphorus 
poisoning, and in diabetes mellitus. It is also significant that 
creatine in the urine is reduced or prevented by just tliose agt*nts 
which reduce protean catabolism. For instance, caihohydrates 
and alkaline salts both reduce protein catabolism and both 
reduce creatinuria; fats do not reduce protein catabolism and 
correspondingly do not reduce creatinuria. With i-esp(*ct to 
carbohydrates this conception is not new, as Shaffer and Cole- 
man"® in 1909 found that diets rich in carbohydrates in the treat- 
m(*nt of typhoid prevented the* loss of creatine or r(?duc(‘d it to a 
minimum which they attributed to a body protein-sparing action, 
Myers and Fine"^ in 1913stat(!d: The decreased elimination of 
crt*atine aftta* feeding carbohydrate is primarily depend(*nt upon 
the sparing action of caihohydrate .... on protein 
metabolism.’’ But further than this they did not go. 

With protein feeding the matter is apparently far diffta-ent, 
but actually it is analogous. It becomes a question of supple- 
mentation of amino-acids in such a manner that after the de- 
mands of the body are satisfied no creatine precuisors are left 
over to be metabolized into creatine. 

Let us take as our first example for the discussion of the effect 
of protein feeding on creatinuria, the case of the actively growing 
animal. For growth, an animal has need in the protein of its 
food of a certain amount of those amino-acids which it cannot 
synthesize. An example of such an amino-acid we have in 

Shaffer, P. A., and Coleman, W., Arch. Int. Med., 1009, iv, 538. 

Myers, V. C,, and Fine, M. S., J. Biol. Chem., 1913, xv, 305. 
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lysine. If an ingested piotein is primarily poor in lysine and 
unable to cover the requirements of the growing animal for it, 
then the other amino-acids, even if they are present in pj’oper 
amounts and proportions to make the new protein molecule, 
cannot all be retained* They are retained only to the extent 
that the growth determinant lysine makes this possible. The 
excess is metabolized to obtain its energy and the nitrogen is 
excreted as waste in the urine. Some of this nitrogen appears 
as urea and some of it, if creatine precursors are present in excess 
relative to the demands for protein synthesis, as creatine. The 
inevitable result of such supplementary relations would be, that 
a fortunate selection of kind as well as amount of protein would 
lead to creatine production in one case and to a suspension of its 
formation in another. This would depend on whether in the 
supplementary relations all or only part of the creatine precursors 
in the system could b(^ used up in the synthesis of the new pro- 
tein molecule. Any factor influencing growth would affect the 
creatine excretion. 

In periods of excessive endogenous protein mc^tabolism leading 
to the elimination of creatine, the action of feeding protein with 
respect to its effect on the creatinuria is entirely similar. Mendel 
and Hose® with fasting rabbits fomjd that creatine elimination 
was not prevented by feeding fat and protein, but Osterberg and 
Wolf^® Benedict and Osterberg, and later Rose*® found that in 
the dog creatinuria induced by fasting was inhibited by protein 
feeding. Rose and coworkers®*^ also made the same observation 
during fasting in man, but Cathcart,® who first studied this 
problem, did not find it so when giving pj'otcin and fat. • The 
Cornell investigators, as well as Rose, were inclined to attribute 
the disappearance of creatine to the action of the glucose which 
could have its origin in the protein molecule. The administra- 
tion of an equivalent amount of glucose was observed to have 
the same effect and moreover in diabetes with failure of ability 
to utilize the carbohydrate which might have its origin in the 
protein molecule, protein feeding was ineffective. It may well 

Osterberg, E., and Wolf, C. G. L., J. Biol. Chem., 1908, iv, p. xxiii. 

Rose, W. C., J. Biol. Chem., 1916, xxvi, 331. 

30 Hose, W. C., Dimmitt, F. W., and Oheatham, P. N J. Biol. Chem., 
916, xxvi, 339. 
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that part of the action of the protein can be attributed to 
this factor, but we believe that one more important is to be 
found in the supplementary relation^ of the amino-acids ingested 
to those liberated in endogenous protein catabolism. It is now 
demonstrated that for repair processes during maintenance the 
amino-acid demands are different from* those during growth. 
This must mean as has been expressed before from this labora- 
tory®^ that in endogenous protein catabolism the destruction of 
all amino-acids is not in proportion to the extent in which the 
individual amino-acids occur in the disintegrating protein mole- 
cule. As the body protein is catabolized creatine precursors are 
liberated and creatine appears in the urine. On feeding protein 
the ingestion of sufficient amoimts of those amino-acids already 
destroyed makes possible the retention of the creatine precursors 
in protein synthesis and creatine disappears from the urine. 
If, however, the ingested protein is unusually rich in creatine 
^precursors then creatine does not disappear from the urine as 
excessive amounts of it will now be formed from the exogenous 
protein metabolism. 

In the lactating animal we have again the same though slightly 
modified conditions. Mellanby®® observed that: ^'The increase 
in weight of healthy children breast fed under similar normal 
conditions is roughly proportional to the amount of creatine in 
the mother’s urine. In other words, the creatine excreted in 
the urine seems to have some relation to the nutriment %iven 
by the mother to her child.^' Apparently we have here another 
instance where the relation of creatine production to protein 
catabolism is evident. We may accept that the creatine here 
observed has its origin in the unusually large amounts of protein 
consumed by the lactating mother, of which the excessive amounts 
of creatine precursors are metabolized to creatine, but creatinuria 
in this case might also owe its origin to the disproportionate 
amounts of creatine precursors ingested to the sum total of the 
requirements imposed by body protein conservation and milk 
protein production. 

In the foregoing, while we have often spoken of both creatine 
production and creatine excretion we have held in abeyance a 

McCollum, E. V., WUcomin Exp. Station^ Reuarch Bull. ^1, 1912. 

” Mellanby, E., Proc. Roy. Soc., Series B, 1913, Ixxxvi, 88, 
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discussion of the discrepancies which may obtain between the 
amounts of creatine produced and the amounts of creatine ex- 
creted. Until, as Folin andDenis®^ have emphasized, more data 
sire available on the variation in the creatine content of body 
tissues, it is not possible to discuss this phase of the problem at 
length, but we do believe that many of the interpretations of 
data on creatine production and elimination are faulty because 
of failure to take cognizance of the fact that creatine may in 
part be utilized or destroyed. 

That the animal body has a fairly definite ability to destroy 
creatine and that in creatinuria creatine has been produced in 
such atnountsdhat the ability of the body to destroy it has been 
exceeded, is especially suggested by Folin’s*® observation that 
creatinuria could be induced far more readily by creatine feeding 
in man when the subject was receiving a high protein diet than 
when receiving a low protein diet. Under such circumstances 
while the creatine ingested did not exceed in amount the ability, 
of the subject to destroy it, the sum total of the creatine ingested 
together with that having its origin in the protein did exceed it 
and creatinuria resulted. 

Apparently, however, Folin or Donis^^ are not inclin(»d to con- 
sider creatine a waste product, as they have stated: “Creatine 
must, however, be a waste product or a synthetic product serving 
some special function or as a synthetic product it may in fact be 
a part of the active living protoplasm. We believe that the last 
mimed alternative represents the facts, and in support of this 
hypothesis we now propose to show that the so-called creatine of 
muscles is a post-mortem product and that there is very little 
creatine in living muscles.'^ However, their later work, as well 
as ours, which shows creatine excretion to be induced by liberal 
protein feeding, would hardly support the statement that crea- 
tine at least under certain entirely normal conditions is not a 
waste product. Benedict and Osterberg^ have stated: “Crea- 
tine is probably being formed in the animal organism in relatively 
large amounts, and is nonnally for the most part either utilized 
or destroyed/^ Rose and Dimmitt*^ state: “We believe that 
these data indicate that the theory accepted without direct proof 

Folin and Denis, J. Biol. Chem.y 1914, xvii, 493. 

Rose, W. C., and tiiinmitt, F. W., J, Biol, Chem., 1916, xxvi, 345. 
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by so many investigators, namely, that creatine and creatinine 
arc destroyed in the body, is without foundation in fact/^ 

The difficulty in accepting the hypothesis of creatine destruc- 
tion lies in the fact that most of the nitrogen of the ingested 
creatine does not appear in the urine, as Fr>lin^® observed in the 
first experiments which led him to consider ci-eatine as a food. 
Nor have Folin^® or others®^ found evidcince to warrant accepting 
its transformation into urea or ammonia. There is evidence 
that in part it may be changed to creatinine, but the larger 
portion is excreted as unchanged creatine. If it were destroyed 
w(* should expect that the urinary constituents, viz, ammonia or 
urea, would be increases], or at any rate that the urinary nitrogen 
after subtracting creatine and the increased ert'atinine nitrogen 
would still show an increa^se. We can come to only oru* conclu- 
sion and thatss that in such instanc(^s the creatine was being stored. 

That muscle tissue may be exceptionally low in creatine in 
physiological as w<dl as pathological conditions has been observed 
by Howe and Hawk,® Denis and Kramer,^® and Baumann and 
Hin(\s/’® Acceptance of the storage possibility does not pre- 
suppose that an ('xceptionally high creatine cont(^nt of muscle 
need obtain upon the failure of ingested creatine to make its 
appearance in the urint*. Teleologically a more than incidental 
or moderate accumulation of creatine during creatine adminis- 
tration in the tissues of the body would lead us to be inclined to 
attribute a specific function to creatine. So far as we are ‘aware, 
ther(^ is no indication that creatine has any specific r61e to per- 
form in the animal body unless it is that by reversible reaction it 
(jan serve as a source of the guanidine grouping for arginine 
synthesis. Such reiisoning would lead us too far into the hypo- 
thetical without experimental basis to make it worth more than 
a suggestion for future work. 

During short periods of high level inge'stion of creatine or 
creatine precursors, creatine storage might be assumed to occur 
as the tissues serving for creatine storage might have been orig- 
inally depleted in creatine; but during long periods of obsciwation 
where excessive amounts of protein are being fed with no Result- 
ing appearance of creatine or increase in creatine excretion the 
situation cannot be explained so easily. Especially is this true 

Baumann, L., and Hinas, H. M., J, Biol. Chem.y' 1917, xxxi, 549. 
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of mature men where there can be no extensive utilization of 
creatine precursors in tissue construction and therefore of neces- 
sity we would infer that the conditions were especially propitious 
for the formation of large amounts of creatine. Folin and Denis®® 
have made the statement that 1 gm‘. of creatine per day is about 
the maximum which a full grown man can be made to retain 
even when kept on low protein diets, and on high protein diets 
the amounts retained are smaller than on diets low in protein. 
We arc forced to the conclusion if we accept the rest of our theory 
that either the metabolism of creatine precursors in these indi- 
viduals proceeds primarily in another direction from that leading 
to creatine (with arginine this would mean breaking up the guani- 
dine residue) or that the destructive ability of the individual for 
creatine itself is greater. 

By our statements here we hope that we have sufficiently 
brought out the conditions which our theory of the origin of 
creatine in the urine would demand so that it may be cleai-ly 
proved or disproved in other laboratories as well as in our own. 
It may even be that creatine does not have its origin in the pro- 
tein metabolism of the exogenous character, but that the me- 
tabolism of the ingested protein so stimulates the endogenous 
metabolism that creatine is produced from it in larger amounts 
and excreted. With tho information at present available we are 
not inclined to champion this latter theory, but hope later to 
offer data which will make the precursor theory of the origin of 
creatine entirely acceptable. 

In addition, we desire to present a suggestion in regard to the 
cause for the difference in the behavior of men and women in the 
facility with which creatinuria is produced on ingestion of protein. 
We believe it possible that this may be related to the variations 
well known to obtain in the activity of the thyroid mechanism. 
To support this, we have the observation of Denis®® that in a 
man afflicted with Graves’ disease creatine was observed in the 
urine even when on a low protein diet. Yet in normal well 
noui-ished men so far as we are aware, creatinuria has never 
been ^observed or experimentally produced. This led to the 
early statement that adults did not have creatine in the urine. 
In women, however, Creatinuria usually obtains. Krause®® at- 

Krause, R. A., Quart. J. Exp. PhyHoh, 1911, iv, 293. 
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tempted to relate this to the sexual cycle, but M. S. Rose/^* could 
not establish such a relation. It is suggestive that periodic 
variations in thyroid activity occur with the menstrual period 
varying in degree with different women and that during preg- 
nancy when the thyroid is also affected pronounced creatinuria 
has often been reported. Such data are too limited and have 
been collected without regard to consideration of the character 
of diet, so their value is problematic. In this connection the 
work of Hendei-son,22 previously mentioned, is suggestive in that 
changes in creatine content of muscle have been observed in te- 
tania paiathyreopriva. The relations of the endocrinal secretions 
to creatinuria might well be investigated. 




SYNTHETIC CAPACITY OF THE MAMMARY GLAND. I. 

CAN THIS GLAND SYNTHESIZE LYSINE ?» 

Bv E. B. HART, V. E. NELSON, ani. VV. PITZ. 

(From the Deparlmenl of Agricultural Chemi^lry, Univcrmiy of WisronMUy 

Madiifon.) 

flloccivod for piUilication, September .30, 1918.) 

How far special glandular tissues of thoj body have preserved 
specific synthetic functions not shown by muscle cells and less 
active tissue cells is a (piestion ' concei’iiing which we havO little 
definite knowledge. It is recognized that specialized glands are 
constantly making products unique in function and very specific 
in constitution, as for exanifile the enzJ^^es, the ductless gland 
secretions, etc.; but from how simple a prcuiursor,— simple in 
chemical stnictun?,— this is accomplished is practically unknown. 

The mammary gland synthesizes a special sugar, as for example 
lactos<b but it probably starts with df-glucose, which as a pre- 
cursor offers no unsurmountable difficulties. It makes a variety 
of fatty acids of special chemical character, but here again, 
whether originating from carbohydrates or preexisting fats, the 
chemical steps, at least theoretically, are capable of projecture. 
This gland makes a special protein, cavsein, and presumably 
from amino-acid fragments in the blood. It is also pres med 
that it makes casein, not through synthesis of amino-acids de 
novo, but by an orderly assembling, in quantitative relations, of 
those amino-acids found in the casein molec^^le. Should an 
amino-acid, occurring in casein and essential for growth, be 
absent in the diet, would there be a serious interference in casein 
building? Or does this gland retain special synthetic powers 
not shown by muscle cells, and in the absence of a specific amino- 
acid make it from other nitrogenous fragments? If, for example 
lysine, an amino-acid necessary for growth, is absent from the 

* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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diet, will the mammary gland still make casein and continue a 
copious flow of milk? 

In 1912, Osborne and Mendel^ published experiments on the 
role of gliadin in nutrition in which they found that with gliadin 
as the sole source of nitrogen the capacity of the animal to pro- 
duce healthy young and suitably nourish them was not impaired. 
At that time gliadin was held to be a protein free from lysine 
and those experiments left the impression that the mammary 
gland could synthesize lysine. Later work by Osborne, Van 
Slyke, Leavenworth, and Vinograd^ showed that gliadin, purified 
as far as pCssible, still contained 1.21 per cent of lysine. In 
fact, in the first paper by Osborne and Mendel referred to above, ^ 
the question of the freedom of gliadin from lysine was raised 
and analysis of the gliadin used showed 0.15 per cent of lysine. 
In addition to the fact that the gliadin used in the above experi- 
ments contained lysine, the. use of natural, protein-free milk was 
practised. While the nature of the nitrogen of the latter mate- 
rial has not been definitely characterized, its efficient supple- 
menting effect, at least for certain materials, has been definitely 
established.* 

Therefore, in view of the possible errors creeping into these 
earlier experiments and the rather important fundamental ques- 
tion at issue, namely the synthetic power of the mammary gland, 
experiments, initiated 2 years ago for further study of this ques- 
tion, were evolved with zein as the basal protein rather than 
gliadin. Zein was selected because it is a protein recognized 
today as free from lysine and tryptophane, and the biological 
value of this protein harmonizes more fully with its chemical 
deficiencies than does gliadin. 

# EXPERIMENTAL. 

Our plan of procedure involved the use of zein diets made 
complete by properly supplementing with a complete salt mix- 
ture, vitamines, tryptophane, and lysine as contrasted with the 

» Osborne, T. B., and Mendel, L. B., J. Biol> Chem,, 1912, xii, 473. 

* Osborne, T. B., Van Slyke, D. D., Leavenworth, C. S., and Vinograd, 
M., J, BioL Chem., 1915, xxii, 259. 

* Osborne and Mendel, J. Biol. Chem,, 1917, xxxi, 149. 
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same diet free from lysine. In some records, because of the 
relative poverty of lysine in arginine and histidine, both of these 
amino-acids were added in order that the essential amino-acid 
content of the ration should be approximately that of casein. 
The source of water-soluble vitaminc in some of our rations was 
an alcoholic extract of milk powder, while in other rations brewers' 
yeast was used directly. Our earlier experiments indicated that 
commercial milk powder was not an abundant source of the 
water-soluble vitamine. Either this vitamine exists, in such 
stable combination as to resist solution in 95 per cent alcohol, or 
it has been partly destro^^ed in the milk-desiccating process. 
It is also certain that the extraction made with hot 95 j^er cent 
alcohol slowly destroys this vitamine. 

Tryptophane was prepared in the usual way by pancreatic 
digestion of casein, and lysine, arginine, and histidine were ob- 
tained by acid hydrolysis of casein. Lysine was introduced into 
the ration as the hydrochlorides, while arginine and histidine were 
'introduced as carbonates. Hp('cial care was used in the prepara- 
tion of zein from gluten meal. It was purified by re-solution 
in alcohol a number of times (thr('e)and finally evaporated on dex- 
trin from an alcoholic solution. 

The qualitative composition of the ration was as follows, 
although somewhat varied in succeeding experiments (see charts}. 
The salt mixture used was the one found in this laboratory as 
suitable for synthetic rations. 


Compoaition oj Haliun. Compof^Hion of Sails. 


Zein 

pt;r cent 

19.40 

NaCl 

f/M. 

0.173 

Tryptophane 

0.54 

Mg804 (anhydrous).. . 

0.260 

Lactose 

20.00 

NaILP04lL6 

0.347 

Dextrin 

48.00 

K 2 HPO 4 

0.95*1 

Rii fnt • 

.“>.00 

0 aH 4 (P 04 )ap.C) 

0.540 

Agar 

2.00 

Iron citrate 

O.llS 

Salts 

5.00 

Ca lactate 

1.300 



KI 

. . In traces. 


In our earlier experiments the dextrin carried an 8 hour, 95 
per cent alcoholic extract of 480 gm. of milk powder per kilo of 
ration as the source of water-soluble vitamine, but as we became 
suspicious of its inefficiency as a source of this vitamine, dried 
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brewers’ yeast (0.5 to 2 per cent of the ration) was used as the 
source of this dietary factor. Preliminary experiments showed 
that this yeast must be introduced in the proportion of at least 
2 per cent of the ration. Less than that amount was insufficient 
for normal performance. 

When lysine was introduced it formed 1 per cent of the ration. 
In the case of arginine and histidine each was added as 0.5 per 
cent of the ration. 

Vigorous female rats were selected from our rat colony as 
experimental animals. It was planned to have an animal on 
the ration some time before it was bred, in order that the effects 
of the ration would not be obscured by reserve food materials ;n 
the digestive tract. In experiments of this character there are 
always dangers of incorrect interpretation, due^ to the possible 
use of reserve tissues for the more special functions of important 
organs; while this source of error cannot be entirely avoided then' 
should at least be preliminary feeding periods of sufficient length to 
secure complete replacement of the old diet by the new. However,* 
as our work progressed we were impressed with the great difficulty 
in securing pregnant animals on lysine-free rations and for that 
reason preliminaiy feeding periods were often short. This did 
not appear to vitiate the results, as those animals on diets free 
from lysine were invariably unable to rear their young, while a 
pronounced improvement in the growth and duration of life, 
although not a perfect rearing, was secured only when lysine was 
introduced into the diet. We submit these records as evidence 
that the mammary gland has not the power to synthesize the 
amino-acid lysine, but must find it preformed in the blood stream. 

It appeared possible for the mother rat to build her young, 
presumably from tissue reserves rather than through synthesis, 
even in the absence of lysine from the ration. We had a number 
of animals give birth to apparently normal litters of young (see 
Charts 1 to 5) on rations free from lysine, but only in a single 
case was a litter nmsed sufficiently to carry it beyond a mere 
Maintenance of life for approximately 2 weeks after birth. In 
one case part of the litter was nursed for 3^ weeks and then all 
succumbed. It is apparent from our results that the amount of 
nitrogen furnished by 2 per cent of yeast in the ration was too 
poor in quality and too low in quantity to supplement our lysine- 
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free ration sufficiently for normal milk flow. We are decidedly 
of the opinion that what milk was secreted was nonnal rat's 
milk and not a milk whose proteins were deficient in lysine. It 
was in all probability a diminished flow, but a milk of normal 
composition. 

This principle, namely that the composition of the milk pro- 
duced under distinctly adverse nutritional conditions' will be ap- 
proximately normal in composition, is firmly established wherever 
it has been possible to apply quantitative analytical methods, 
as for example in the case of cow's and goat's milk. True, slight 
variations in milk composition may occur with variations in 
the diet, but not sufficient to disturb tla^ nutritive qualities of 
the milk. 

The work of Palmer and Eckles^ has definitely established the 
fact that the mass of the main coloring matter in milk, carotin, 
is directly dependent upon its supply in the feed ingested. Fur- 
ther, of great interest were the experiments of Andrews'^ in which 
Philippine women, suffering from beri-beri and who had lost 
their infant babies, were induced to nurse young pups. These 
pups developed paralysis of the posterior extremities and ex- 
hibited the symptoms charact<;riRtic of beri-beri. Because of thti 
fact that this disease is direcdly related to the deficiency of the 
water-soluble vitamine in the diet, these experiemeiits were inter- 
preted as indicating that the milk secreted by these women was 
likewise deficient in this essential. 

On this point these experiments, however, are not absolutely 
conclusive. The rate of growth of the human baby is quite 
different from that of a pup. Human milk, whenever secreted, 
may contain the water-soluble vitamine in sufficient quantity to 
meet the rate of growth of the lumian infant, but not of a pup. 
The protein content of human milk is much lower than that of 
the milk secreted by the bitch, and we should not expect that the 
former would meet the protein requirements of giowing pups. 
Why should we ignore in experimental inquiries of this kind ihv 
firmly established principle of the adaptability of the milk of a 
species to the young of that’ species? Failure of cow's milk to 
meet the complete nutrition of a rat must not be interpreted as a 

* Palmer, L. S., and Eckles, C. H., J. Biol, Chem., 1914, xvii, 191. 

^Andrews, V. L., Philippine J. Sc., B., 1912, vii, 67. 
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deficient milk for a calf or for a human infant. The rat doubles 
its weight in 14 days, while it requii*es 47 days for the calf to 
double its weight, and 180 days in the case of the human infant. 

In harmony with the idea of a vitamine deficiency and con- 
forming to the principle of species adaptability mentioned above, 
Andrews is of the opinion that the high infant mortality in ManDa 
is due to the deficiency of water-soluble vitamine in the mdther^s 
milk. However, no records of flow of milk accompany his dis- 
cussion. In addition to Andrews’ work, that in this laboratory 
of McCollum® and of Steenbock^ with barley support/S the view 
that both the fat- and water-soluble vitamines of milk are depend- 
ent upon their supply from the food and cannot be synthesized 
by the mammary gland. Therefore, with the exception of color- 
ing matter and probably with the exception of vitamines, al- 
though at the present time we are lacking absolutely decisive 
data on this point, the other organic and inorganic constituents 
of milk remain practically constant under wide variations of diet. 

When the milking animal, through scarcity of structural units, 
is forced to conserve, it lowers the flow of milk, but maintains 
the normal composition of the milk. These facts are so well 
known to investigators of dairy problems that reference to but 
a single text® and to Babcock’s work on withholding chlorides 
from the rations of cows, is neceasary to support this view. In 
Babcock’s experiments common salt was withheld from the 
rations of dairy cows for .5 to 6 months without an appreciable 
change in the chlorine content of the milk. It contained 0.10 
per “cent of chlorine at the initiation of the experiment and 0.08 
to 0.09 per cent when the critical period was reached. The 
critical period was that point at which a sharp decline in milk 
flow set in, with other manifestations of malnutrition. As soon 
as the chlorides were readininistered the tendency was toward a 
normal flow. 

« McCollum, is. V., Simmoncls, and Pitas, W., J. Biol. Chem., 1916, 
xxvii, 33. f. 

^Steenbock, H., Kent, H., and Grose, E. G., J. BioL Ckem.f 1918, 

XXXV, 61, 

® Jordan, W. H., Feeding of farm animals, New York, 1917. 

» Babcock, B: M.y Wisconsin Ezj). Station^ A'f^n. Rep.f 1905, 
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These facts, however, must not be confused with the varia- 
tions in individuals to produce small or large flows of milk on the 
same rations; nor with the probable ability of cows, with pro- 
nounced dairy breeding, to maintain unusual flows of milk of 
normal composition although receiving wholly inadequate rations 
as compared with mother rats, where the mammary function has 
been developed only to supply milk sufficient for the normal 
growth of the litter. 

Where lysine was added to the zein-tryptophane ration not 
only were nonnal litters of young born, but in most instances 
the young were successfully nursed. In no case was the growth 
of the yoiing at a normal rate, although the litters were reduced 
to either four or five individuals. In one record (Chart 6) where 
the source of the water-soluble vitamine was a 95 per cent alco- 
holic extract of Morrell-Soule skimmed milk powder the behavior 
of the young indicated a deficiency of this essential in the milk 
secreted. At the age of 3 weeks they began to be seized with 
convulsions, loss of muscular control, and thereafter gained little 
in weight; death terminated their life at the end of 5 weeks. 

In other records on the zein-tryptophane-lysine diet, but with 
the water-soluble vitamine supplied through the introduction of 
2 per cent of yeast, no such symptoms of vitamine deficiency 
developed in the young (see Charts 7 and 8). There was not a 
normal rate of growth of these young, but a steady, slow growth 
and an apparently healthy condition of the mother rat and 
young. The introduction of the lysine had improved the ration 
to such an extent as to make continued milk secretion possible, 
while without it the animal was limited merely to the building of 
the young and an exceedingly scanty flow of milk. 

The probable cause of failure to rear the young at a normal 
rate on a zein-tryptophane-lysine diet was the incomplete absorp- 
tion of the z€un itself. It is not probable that our supply of 
lysine was inadequate as it constituted 1 per cent of the ration, 
a quantity five times as large as uscid by Osborne and MendeP® 
in successful growth experiments with zein. Osborne and Men- 
deP' have published data showing the incomplete utilization of 

Osborne and Mendel, /. Biol. Chem.^ 1916, xxv, 1. 

” Osborne and Mendel, J. Biol. Chem.f 1914, xviii, 177. 
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min by rats. While our ration contained approximately 20 per 
©ent of zein, yet if its utilization was reduced 30 to 50 per cent by 
failure to be absorbed, as in the case of the experiments quoted 
above, it can readily be understood how milk flow would be 
greatly reduced. In support of the view that our purified zein 
ration was partly unsuccessful for rearing the young because of 
the indigestibility of the zein, we submit a rccord (Chart 9) 
showing the successful j’earing of the young at normal ratCvS by 
substituting casein for the zoin-tryptophano-lysine combination 
in the diet. With the same percentage of nitrogen in the ration 
the casein was much more effective in stimulating and maintain- 
ing milk secretion than was the zciu-tryptophane-lysine complex. 
This . we attribute to a morc^ complete absorption of the protein, 
casein. 

It was also possible that our zcin-lysine ration was limiting milk 
flow by its paucity in arginine and histidine. These amino- 
acids are not as abundant in zein as in casein. For that reason 
there was added to the zein-tryptophane-lysine diet at the rate 
of 10 gm. per kilo, a mixture of arginine and histidine obtained 
by the usual separation of these amino-acids from an acid hy- 
drolysis of casein. 

The results secured with this riUiou are shown in Charts 1 1 and 
12. Normal sized litters of youpg were born and then reduced 
to four in number. These wer#nursed by the mother rat and 
made slow rates of growth considerably below a normal per- 
fonnance. The rate of growth of these young was no greater 
than on the ration in which the arginine and histidine additions 
were omitted. Apparentlj’^ the indigestibility of the zein was 
counteracting any beneficial effect the arginine and histidine 
anight have had when added to a protein relatively low in these 
amino-acids but more available. 

To satisfy ourselves that the 2 per cent of yeast introduced 
into the ration would meet the water-soluble vitamine require- 
ment of growing rats a ration was made up with casein as the 
sole protein, while another ration contained the zein-trypto- 
phane-lysine complex as the carrier of nitrogen. The rats were 
started at initial weights of 40 to 70 gm. with casein as the sole 
protein (see Chart 10). Normal growth was secured with 3 per 
cent of yeast furnishing the water-soluble vitamine. The yeast 
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used in all our experiments was a dried powder, secured from 
a Chicago Brewing Company, It was reported to us that in its 
preparation it had been exposed for a few seconds to a tempera- 
ture of 176®C, 

Since the casein-yeast ration was entirely satisfactory for 
growth, any deficiency in the zein-tryptophane-lysine ration could, 
with justice, be assigned to the nitrogen complexes. This defi- 
ciency is probably to be attributed mainly to the low digesti- 
bility of the zein. Chart 13 shows the growth curve of rats upon 
the zein-lysine ration containing 2 per cent of yeast. These 
growth curves were below normal and demonstrate that our 
ration was still below the possible attainment in synthetic diets 
containing a more complete and more digestible protein such as 
casein. 

A review of the records secured with our lysine-free ration 
indicates that in the majority of cases these animals do not even 
maintain their live weights. Other investigators^- have pub- 
lished results w^hich indicate that either lysine w^as dispensable 
for maintenance or at least not needed to the same degree as, for 
example, tryptophane. The fact that there is a rapid decline 
in body weight in the absence of tryptophane, but only a slight 
decline, or in some cases actual live weight maintenance for 
periods of many weeks’ duration in the absence of lysine, forces 
one to the conclusion that the above interpretation of their rec- 
ords by Osborne and Mendel and by Geiling w^as justified. How- 
ever, in our own records (see Charts 1 to 3) wHh lysine-free diets 
there was a steady decline in live weight in two cases, but a 
phenomenal maintenance of weight in one case (Chart 1) over a 
period of 24 weeks. These records raise the question, was there 
really normal maintenance and normal functioning in these 
anhpals? We think not. Their coats became rough and soiled, 
which is always evidence of malnutrition. These rats w^ere 
extremely nervous, excitable, and old ahead of their time. Es- 
trum periods disappeared, which certainly is not compatible with 
normal maintenance. 

'• Osborne and Mendel, J. BioL Chem.j 1914, xvii, 325; 1916, xxv, 1. 
Geiling, E. M. 1917, xxxi, 173. 
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Further, in view of the fact that maintenance of live weight 
is not a sound basis^^ upon which to decide whether or not an 
animal is in nitrogen equilibrium, we are forced to the conclusion 
that normal maintenance is not possible in the absence of the 
amino-acid, lysine. In such maintenance records there certainly 
is the possibility that catabolyzing non-essential tissues can 
furnish over very long periods of time enough lysine for rehabili- 
tation of those tissues more essential for the maintenance of 
life. The maintenance of body weight may be either a replace- 
ment of loss with water or with fat. 

StJMMARY. 

The evidence presented in this paper makes it very probable 
that the nnimmary gland has not the capacity to synthesize the 
amino-acid, lysine. 

Further, the evidence submitted supports the view that as far 
as the proteins are concerned milk secretion, like growth, is 
ultimately dependent upon the quality and quantity of amino- 
acids ingested with the food. 

Our records also lead us to the view that the amino-acid, 
lysine, is not dispensable for normal maintenance. 

Hart, E. B., and Humphrey, G. 0., J. Biol, (Vvem.y 1018, xxxv, 307. 
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Chart 1. On a lysine-free ration younj^ were born, but not success- 
fully nursed. We believe that this is evidence that the rnarnmary glapd 
has not the power to synthesize lysine. Sacrifice of tissue at a rate suffi- 
cient to furnish an adequate supply of milk for milk protein building was 
not possible. On the other hand, we must in these cases assume that the 
lysine needed for fetus building came from the catabolized tissue of the 
mother rat. This rat maintained its live weight on the lysine-free diet, 
but was rough in appearance and showed no signs of estrum. We doubt if 
continuous, normal maintenance is possible on a lysine-free diet. 
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Chart 2. Another failure to rear the young on a lysine-free diet. 
Milk secretion was probably more abundant in this case than in the case 
of the record shown in Chart 1, but the rapid loss in live weight would 
indicate a more rapid tissue metabolism under a stronger impulse for mam- 
mary secretion. Further, the shortness of the interval between the time 
of being placed on the ration and the birth of the young made possible a 
larger store of lysine-yielding tissue for milk secretion. 
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* Chart 3, No rearing of the young on a lysine-free ration, but practi- 
cally a maintenance of live weight after the young were born. Here again 
the mother rat was rough in coat and far from normal in appearance. 
We interpret these results as indicating that normal maintenancf* is impos- 
sible without lysine. 



Chart 4. This mother rat, as in previous cases, was wholly unable to 
nurse her young on a lysine-free ration- The young lived less than 2 
weeks, procuring a little milk for maintenance; the lysine, contained in 
the milk proteins made, undoubtedly was furnished through tissue catabol- 
ism by the mother. Even the presence of 2 per cent of yeast in the diet 
did not furnish nitrogen in quality and quantity sufficient to supplement 
adequately a zein-tryptophane ration for milk production. 
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Chart 5. Another failure to rear the young on a lysine-free ration, but 
containing 2 per cent of yeasf as the source of water-soluble vitiimine. ^ 
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Chart 6. The beneficial effect on milk secretion of lysine in the ration. 
In the presence of this amino-acid the young were nursed for nearly 5 
weeks, at the end of which time there was a sharp decline in weight, and 
death. 1 kilo of the ration contained the alcoholic extract of 480 gm. of 
skimmed milk powder. The behavior of the young, characterized by great 
excitability and impaired locomotion, would indicate a deficiency of the 
water-soluble vitamine in this ration. That this interpretation of our 
results is correct is evidenced by the data shown in Charts 7 and 8 where 
2 per cent of yeast in the ration was used. 
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Chart 7. This chart illustrates the effect of both lysine and an ade- 
quate supply of water-soluble vitamine furnished by 2 per cent of yeast. 
This mother rat gave birth to a litter of ten young. We reduced the 
litter to four in number which were nursed with fair success. Normal 
rates of growdh of the young were not obtained, due no doubt to a dimin- 
ished milk flow occasioned by the low digestibility of zein. The young, 
however, were strong and active, but below normal size. For comparison 
see Charts 4 and 5, which demonstrate that the improvement in the ration 
was due to the lysine and not to the yeast. With lysine in the ration more 
copious milk secretion was made possible. 


Chart 8 . A duplicate of Chart 7 showing the marked effect of lysine 
in the diet on milk secretion. Without lysine there would have been no 
rearing of the young. The young grew, however, at a rate below normal, 
due to the insufficient flow of milk, but were nursed and finally weaned. 
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Chart 9. The effect of a good j>rotein on milk secretion. In this 
ration casein in quantitative equivalence was substituted for the zein- 
lysine-tryptophane mixture; otherwise the rations were identical. The 
litter of eleven young was rediuied to four in number. The young grew^ at 
a much more rapid rate than the litters shown in Charts 7 and 8. With 
higher efficiency the more completely absorbed casein met the needs of 
maintenance and a more coi)ious milk secretion than did tlie less readily 
digestible protein, zein. This chart further indicates that 2 per cent of 
yeast could furnish the water-soluble vitaminc in quantities sufficient for a 
nearly perfect roaring of at least four young rats. 



Chart 10 . This chart shows that the yeast used, constituting 2 per 
cent of the ration, was able to furnish sufficient water-soluble vitamine 
for normal growth of young rats where the other factors of nutrition xvere 
adequately provided. ’I'hese animals were in excellent condition. 
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Chaet 11. This chart illustrates the. effect on milk secretion of adding 
arginine and histidine to a zein-lysine*tryptophane ration. The addition 
did not improve the ration for milk secretion. The young made no better 
growth than those whose mother received a zein-tryplophane diet fortified 
only with lysine. The indigestibility of the zein was the principal factor 
depressing the efficiency of this ration for milk secretion. 
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Chabt 12. A duplicate of Chart 11, showing the failure of additions of 
arginine and histidine to a zein-lysine-tryptophane ration to make this 
nitrogen complex equal in nutritive value to that of an equiyalent amount 
of casein. While the young wore nursed and reared to the time that they 
could be weaned, yet their rate of growth was not a normal one. 
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(^UAiiT 13. The curves of growth of young rats on the zcin-lysine- 
tryi)tot)}iane ration. Stiiricd at 50 to 60 gm. in weight, nevertheless they 
were unable to make normal growth on this ration. Coniiiare with Chart 
10 wliero casein, as the sole protein and supplemented in reference to 
the oth(M' nutritive factors in identically the same manner as w'as the 
zein-lysine cornplox, served to support normal growth. 




COMPARATIVE METABOLISM OF CERTAIN AROMATIC 
ACIDS. IL 

FATE OF P-HYDROXYLBENZOIC ACID AND P-HYDROXYLPHENYL- 
ACETIC ACID IN THE ORGANISM OF THE MONKEY. 

By carl P. SH ERWIN. 

{From the Labnratonj of Fordham l-niverHiitj Medical School, New York,) 


i lioceived for piihliciilioii, Soptomhor 23, 1918.) 


It has previously been shown that phenylacetic acid in the 
orpjanism of the monkey tindergoes the same process of metab- 
olism as in the lower animals, and is subsecpiently excreted in 
combination with gly cocoll as phenaceturic acid (1). On the 
other hand, if ingested by man it undergoes apparently an en- 
tirely different process of metabolism, being excreted in the 
urine in combination with the amino-acid glutamine (2) and 
known as phenylacetyl glutamine. From a biological standpoint 
it is of interest to know how far the metabolism of the monkey 
b<dongs to that of the lower animals or to that of man in those 
points where a difference has lieeii demonstrated. Other in- 
vestigators have shown that the inonke}'^ follows the course of the 
lower animals in the purine metabolism (3) as well as in the ratio 
of ethereal sulfates to • inorganic sulfates (4) excreted in the 
urine. These isolated facts have little or no value until we have 
secured enough data to correlate and in this way to follow the 
fate of each amino-acid during the entire process of metabolism. 
39 -Hydroxylbenzoic acid and p-hydroxylphenylacetic acid are 
two members of a series of compounds which result from the 
action of putrefactive bacteria 9n the aromatic amino-acids. 
These compounds, all of which are more or less toxic, are quickly 
detoxicated and rendered sufficiently soluble for their elimina- 
tion in the urine. The method of detoxication is usually by con- 
jugation with the sulfate radical, glycuronic acid, one of the 
shorter amino-acids, such as glycocoll, cystine, or glutamine, or 
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even at times with urea. Authors do not entirely agree as tl> the 
fate of the aromatic hydroxyl acids or as to the method of their 
elimination. One fact seems to be universally accepted, that 
p-hydroxylbenzoic and /^-hydroxylphenylacetic acids are among 
the least toxic of all the putrefactive products thus formed. 

The former acid when fed to dogs was found in the urine as such hy 
E. Salkowski and H. Salkowski (5) with an augmentation of the quan- 
tity of ethereal sulfates, indicating as they believed, a conjugation with 
.the sulfate radical. Baumann and Herter (6) found a decided increase 
in ethereal sulfates after administering a dose of 2 gm. to a dog but failed 
to find this same condition after administering an equivalent amount to 
a human being. They recovered most of the acid from the dog’s \irine 
unchanged but found also a trace of o-hydroxylhipiniric acid. Ber- 
tagnini (7) claims to have found relatively large amounts of o-hydroxyl- 
hippuric acid after animal feeding with the n-hydroxylbenzoic acid. 
Maly (8) after ingesting the acid fiimself, finds a compound in the urine 
which he believed to be a conjugation of p-hydroxylbenzoic with ethyl 
or methyl glycocoll, but this, as Schotteii(9) explained, was on account of’ 
error in analysis, and the compound recovered from the urine was un- 
doubtedly p-hydroxylhippuric acid. Schotten ingested 26 gm. of p-hy- 
droxylbenzoic acid in the course of 28 hours. He recovered 18.432 gm. 
(51.66 per cent) from the urine. Of this 9.182 gm. (35.32 per cent) oc- 
curred as uncombined p-hydroxylbenzoic acid, while 6.004 gm. of the 
combination with glycocoll was excreted as p-hydroxylhippuric acid, 
which contained 4.25 gm. of "p-hydroxylbcnzoic acid (16.34 per cent). 
p-Hydroxylphenylacetic acid occurs normally in both human urine and in 
the urine of animals in small amounts. Baumann (10) evaporated 25 
liters of normal human urine and isolated from this approximately 0.5 
gm. of hydroxylaromatic acids, consisting mostly of p-hydroxylphenyl- 
}>ropionic and p-hydroxylphenylacetic acids. Again (11), from 240 liters 
of human urine he isolated 4 gm. of impure p-hydroxylphenylacetic acid 
and a small amount of p-hydroxylphenyl propionic acid. These acids 
he believed to be excreted mostly as the sodium salts and perhaps partly 
as ethereal sulfates which might have been destroyed in the process of 
their isolation. Salkowski and Salkowski (12) after feeding 2.5 gm. of 
p-hydroxylphenylacetic acid to a dog, found most of the acid unchanged 
in the urine but found also a small amount of a substance which came 
out of solution as ^^krystallwarzen** (wart-like crystals) in rather an 
impure condition and melted at 153®. The amount was too small for an 
analysis but they hydrolyzed a small portion of it by boiling with HCl 
and were able to isolate p-hydroxylphenylacetic acid from the acid 
solution. They concluded their compound was p-hydroxylphenaceturic 
acid. They do not mention the exact amount of the acid which they 
isolated from the uritie. A repetition of this experiment failed to yield 
even a trace of the acid. The same dog which had excreted a small 
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amount of the acid after a 2.5 gm. dose of the p-hydroxylphenyl acetic 
acid failed to conjugate any of this acid after a 6 gm. dose and excreted 
the p~hydroxyIphenylacetic acid unchanged in the urine. Experiments 
on other dogs and even on rabbits also met with failure. A rabbit 
received 2 gm. of p-hydroxylphenylacetic acid and excreted 1.25 gm. of 
the acid in the urine. Schotten (9) ingested 7.5 gm. of the acid and 
noticed that the urine collected only a short time after gave a strong 
coloration with Millon’s reagent. This reaction continued with de- 
creasing intensity until 10 hours after the ingestion of the acid. From 
the urine he regained .5.90 gm. (78.6 per cent) of the acid unchanged but 
found no trace of p-hydroxylphciiaceturic fu-id. 

In this laboratory a luonkey was fed p-hydroxylbenzoic acid 
and p-hydroxylpheny]acoti<‘ acid.' The p-hydroxylbenzoic acid 
was in each (iiise excreted in the mine and no combination with 
glycocoll could be found. The amounts regained were oO, 56.03, 
and 60.07 per cent of I, 2, and 3 grn. doses, res|3ectively. Most 
of the p-hydroxjdplumylacetic acid also was excreted in th(‘ 
urine unchanged but in one instance 0.78 gni. of p-hydroxyl- 
phenacetui'ie acid was found in the urine after a feeding of 2 gm. 
of the acid, followed 24 hours after by a 2.5 gm. dose. The 
p-hydroxylphenaceturic acid was purified, analyzed, and studied. 

KXPKHlMENT.AiL. 

A female monkey {Macacut< rheHiii^) of 4.2 kilos body weight, 
was placed on a regular diet of milk, bread, bananas, and apples 
for several days to determine as nearly as possible the amount 
of aromatic hydroxyl acids in the urine. The amount of these 
acids was found to be negligible. The monkey was placed in a 
small metabolism cage and the urine collected for a period of 
36 hours after adniinistciiing the acid. The acid was given in 
different sized doses but the entire c|uantity was given at one 
time and not throughout a period of several hours. In amounts 
not exceeding 1 gm. the acid w^as given as a solution of the so- 
dium salt in milk. In larger quantities a water solution of the 
sodium salt was introduced directly into the stomach by means 
of a stomach tube. The different portions of urine exci’etod dur- 
ing the fimt 36 hours after the acid feeding were united, carefully 

^ The p-bydroxylpbenylacetic acid used for this work was prepared hy 
Dr. W. A. Jacobs of The Bockefeller Institute* 
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neutralized with sodium carbonate, and slowly evaporated on a 
water bath at low temperature. In most cases the urine after 
reaching a thick syrupy consistency was cooled, acidified with 
phosphoric acid until it gave a distinct reaction with Congo red, 
and then extracted several times for a period of 2 or 3 hours 
with ether, alcohol, and ethyl acetate in a continuous extracting 
apparatus. By this means it was possible to make a rough sepa- 
ration between the p-hydroxyl benzoic acid and the p-hydroxyl- 
hippuric in case the latter should be present, and again between 
the p-hydroxylphenylacetic and the p-hydroxylphenaceturic acids. 
In both cases the free acids are much more soluble in ether than 
their corresponding glycocoll compounds. After extraction, the 
extract was evaporated to dryness by stages so there was oppor- 
tunity for crystals to appear at the different concentrations. The 
residue left was dissolved in warm water and the water solution 
concentrated at regular intervals during a period of several 
days. Crystals which appeared were purified by dissolving in 
water, boiling with charcoal, and again recrystallizing from water. 
In each case the mother liquor from crystals or the residue from 
the extraction (if no crystals appeared) was boiled with a 35 to 
40 per cent solution of H 2 SO 4 , cooled, and extracted with ether. 
By this method it was possible to tell whether any of the hy- 
droxyl acids in a conjugated form had failed to crystallize out of 
the water solution. 

Experiment I with p-Iiydroxylhenzoic Acid . — 1 gm. of p-hydroxyl ben- 
zoic acid was fed to the monkey as a solution of the sodium salt in milk. 
There were no noticeable physiological effects as loss of appetite, dizzi- 
ness, signs of nausea, or even increased thirst. This seemed to show 
that the acid is almost non-toxic. The urine for the first 36 hours after 
the feeding amounted to 130 cc. The general method of extracting was 
followed. The evaporated urine was extracted three times with ether. 
Each period of extraction covered 3 hours and about 300 cc. of ether 
were used for each extraction. All ether was then removed from the 
extracting apparatus and the urine was extracted for a period of 3 hours 
with the same amount of alcohol. AgSin the urine was extracted twice 
with ethyl acetate. Each extraction lasted about 3 hours and 300 to 
360 cc. of ethyl acetate were used. Each of the three ether extracts was 
evaporated separately; no crystals appeared, so the residue from each 
was dissolved in hot water, boiled with charcoal, and filtered. After a 
few hours standing, crystals appeared in the, water solution of the first 
ether extract but none appeared in the water solution of either the sec- 
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ond or third extract. The water solutions of the three ether extracts 
were each boiled with acid, cooled, and extracted with ether but no 
p-hydroxylbenzoic acid could be found except the merest trace which 
probably had failed to crystallize out of the water solution. The alco- 
holic and ethyl acetate solutions contained small amounts of hippiiric 
acid and much urea which had been carried over mechanically, but even 
after boiling the residues with acid no measurable amount of p-hydroxyl- 
benzoic acid could be found. I'he crystals from the first ether extract 
were p-hydroxylbenzoic acid, os is shown below. The substance was 
twice recrystallized from water and dried at 100®; melting point 208-'210,® 

Analysis. 

0.1837 gm. gave 0.4004 gm. COa. 0.0729 grn. HjO. 


Catcutaied for 

C7ll60a: Found: 

C 00.86 00.79 

H 4.40 4.44 


Experiment II nilh p-lJ ydroxylhenzoic Acid . — After a few days the 
monkey was given a dose of 2 gm. of ;;-hydroxylbenzoic acid, followed in a 
few days by a dose of 3 gm. The w-ater solution of tlie residue from the 
ether extracts yielded in the first case 1.127 gm. of the free j^hydroxyl- 
benzoic acid, and in the latter case 1.822 gm. The mother liquor from 
these crystals yielded no y)-hydroxylhippuric acid nor was more than a 
trace of 7>-hydroxylbcnzoic acid extracted with ether after the boiling of 
this liquid with 40 per cent The alcoliol and ethyl acet ate extracts 

of these urines yielded only small amounts of y.-hydroxylbenzoic acid. 

• DiscAiSsion of Experiments nith p~IJ ydroxyl benzoic* A cmL 


The results obtained from the feeding of this acid are summed 
up in Table I, which shows that from 50 to 60 per cent of the acid 

r. 



Amount foci. 

.Xniount extractmJ fnmi urine. 


gm. 

gm. 

JUT rent 

y>-lIvdroxylberizoic acid 

1 

0,6 

50 

“ “ 

2 

1.127 

60.03 

“ “ ■ 

3 i 

1.802 

00,01 


fed was recovered from the urine in a free state with the for- 
mation of no perceptible amount of p-hydroxylhippuric acid. 
The acid is probably excreted as the sodium salt and perhaps in 
very small amounts as ethereal sulfate. Baumann and Herter 
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(6) believed that the sulfate compound ejxisted in the urine but 
that it was destroyed during the experimental work. This com- 
pound of the acid, later prepared synthetically by Baumann (13), 
proved to be very stable and quite insoluble in organic solvents. 
It is possible that small amounts of the acid might have been 
present in the urine as a glycuronic acid compound analogous to 
that found by Magnus-Lcvy (14) in the urine of sheep after feed- 
ing benzoic acid. The amount of this compound present must 
have been small, as the optical rotation of the urine before and 
after the feeding was practically the same. 

jhHydroxylphenylacetic A cid. 

The monkey was able to stand as much as 3 gm. of the p-hy- 
droxylbenzoic acid (0.685 gm. i>er kilo of body weight) without 
any apparent signs of discomfort, but 2.5 gm. of p-hydroxyl- 
phenylacetic acid seemed to be the maximum dose which the 
animal could comfortably tolerate. The acid appeared to cause 
considerable thirst and corresponding higher urine volumes than 
after p-hydroxylbenzoi(^ a(ud feeding. 

'Experiment I with p-Hydroxylphenylacetic Ac'id . — I gin. of />-hydroxyl- 
phonylacctic acid was fed to the monkey as a solution of the sodium salt 
in milk. The urine volume collected the first 36 hours was 186 cc. The 
urine was Qvaporated to a small volume, made acid, and was shaken re- 
peatedly with ether in a separatory funnel. About 350 cc. of ether were 
used for each extraction. The different ether extracts were united and 
the ether was distilled off. The residue was dissolved in hot water, boiled 
with charcoal, and filtered. The filtrate was neutralized with NacCOj 
and shaken with a large volume of. ether to remove pigment matter and 
other other-soluble impurities. The water solution was acidified and 
again extracted with ether. This ether extract, when evaporated left a 
mass of crystalline material. This material was twice recrystallized from 
water and dried at 100®. The melting point was between 146.6 and 148® 
and the substance was therefore relatively pure p-hydroxylphenylacetic 
acid. The urine was next shaken repeatedly in a separatory funnel with 
large quantities of ethyh acetate. The different portions of ethyl acetate 
were united and slowly evaporated to dryness. The residue consisted 
mostly of urea and hippuric acid. The entire mass was dissolved in the 
smallest possible amount of hot water and left for 24 hours. In this way 
a few crystals of hippuric acid (melting point, 187®) were removed from 
the liquid. The entire solution was boiled with an equal volume of 40 
per cent HgSO^ for 1 hour, cooled, and extracted several times with ether. 
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As no p-hydroxylphenylaceiic acid was found in the ether extrac^l it seemed 
certain that neither the free nor combined acid had previously existed in 
the ethyl acetate extract of the urine. The entire amount of p-hydroxyl- 
phenylacetic acid found in the ether extract of the urine was 0.32 gm. 

Experiment II with p-Hydroxylphcnylacelic Acid . — 2 gni. of yi-hydroxyl- 
phenylacetic acid fed to the monkey were followed after 24 hours by a 
dose of 2.6 gm. The urine was collected for 30 hours after the second dos(* 
or for a total period of 60 hours. The entire urine volume was 420 cc., 
and was strongly acid to litmus. The urine was handled in the usual 
way but was extracted immediately wu*th ethyl acetate. The evaporated 
urine for the 60 hour period was extracted three times for periods of 3 
hours each with 300 cc. of ethyl aeptate in the continuous extrjicting appa- 
ratus. These extracts will be called Nos. 1, 2, and 3. Each day about 
one-third of the remaining volume pf each extract was distilled off and 
then placed in the ice box during the interval. Quantities of urea crys- 
tallized out of each extract but esiiecially out of No. 3. Small amounts 
of hippuric acid crystallized out of Extracts 1 and 2 as they ajiproached 
the point of dry ness. The residue from Extract 1 was found to be of 
definite crystalline structure but apparently very impure. The residue 
from Extract, 2 contained the least amount of material, and No. 3 the 
greatest. These three residue.^ were dissolved in the least possible amount 
of hot water and neutralized with Na2003. The W'ater solutions were 
shaken wdth ether to remove coloring matter and impurities, then acidified, 
and again shaken with ether. The last ether extracts were evafmrated, 
the residue was dissolved in water, boiled with charcoal, filtered, and the 
filtrate allowed to stand in the cold. From the water solutions of Extracts 
1 and 2 quantities of 7>-hydro.xylphenylacetic acid were regained, amount- 
ing in all to 2.177 gm. 

The water solutions of the residue from each of the three original ethyl- 
ac»*taie extracts had thus far yielded only the uncomhined acid. In 
order to recover any of the combined acid still held in the solutions, each 
water solution of the ethyl acetate residue was shaken many times with 
ethyl acetate. The.se ethyl acetate extracts were evaporated and the small 
amount, of material nmiaining was taken up in hot water. No crystals 
appeared until the solution was evaporated almost to dryncvss. when 
groups of fung\i8-Iike masses appeared on the sides and bottom of tin* 
crystallizing dish; this W'as especially so in the case of Extract 1 and to a 
slight degree in Extract 2, These fimgus-likc masses w^ere found to consist 
of groups of minute needles. These groups of crystals were collected and 
recrystallized from wattu-. Wlten recrystalUzed from not too coiujontrated 
solution they apjKsared in the form of thin hexagonal jdates. lu all, 0.78 gm. 
of this substance was isolated from, the urine. The melting f»oint of the 
.substance when dried at 95-100® is 1 54.5-165®. It is relatively soluble iu 
alcohol, ethyl acetate, and warm water, but quite insoluble in ether, ben- 
zene, and cold water. A small amount of the substance was boiled with 
concentrated HCl for 1 hour, the acid solution w'as cooled, and extracted 
several times with ether. The residue from the ether extraction wdien 
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recrystallized from water proved by its melting point to be p-hydroxyl- 
phenylacetic acid. The melting point waa 147-148®. When boiled with 
copper oxide a blue solution of the copper salt results. The coiipcr salt 
is extremely soluble in Water and crystallizes in irregular crystals only 
when the solution is evaporated nearly to dryness. The compound iso- 
lated from the ethyl acetate extract is undoubtedly the gly cocoll com- 
bination of p-hydroxyl phenyl acetic acid (/^-hydroxylphenaccturic acid). 


^4 7ialysis. 


a. 0.1021 gm. substance gave 0.2145 gm. earlmn dioxide and 0.0488 grn. 
water. 

h. 0,1127 gm. substance gave 0.2370 gm. carbon dioxide and 0.0541 gm. 
water. « 

c. 0.1055 gm. substance required 5.05 ec. 0.1 n hydrochloric acid. 


C. 

II 

N 


Calculated 
(Kjoldahl) for 
CicH„N04: 
per cent 

... 57.39 
... 5.30 
. .. 6.68 


Found: 

per cent per cent 

0. 57.30 fe. 57.35 
a. 5.34 5. 5.38 
c., 6.70 


Discussion of Experiments mth p-Hydroxylphenylacetic Acid, 

In Experiment I, after feeding 1 gm. of p-hydroxylph('nylacetic 
acid, 0.32 gm,' (32 per c'^nt) of the acid was recovered from the 
urine. All of this acid was in the uncombined state and none 
of the glyeocoll combination could be found. In Experiment II, 
after feeding a total of 4.5 gm., 2.177 gm. were recovered from 
the urine as the uncombined acid as well as 0.78 gm. of p-hydroxyl- 
phenaceturic acid. A total of 2.684 gm. of the p-hydroxyl- 
phenylacetic aciil, or 59.64 per cent, was regained after feeding, 
as compared to 78.66 per cent recovered by Schotten (9) from his 
own urine after he had ingested 7.5 gm. of the acid. Of this 
59.64 per cent isolated from the urine, 48.37 per cent was in the 
form of uncombined acid and only 11.27 per cent in the form of 
the glyeocoll compound. The failure to find some of the con- 
jugated acid after feeding of the 1 gm. is in contrast t»o the work 
of Salkowski and Salkowski (12) who found a small amount of 
the acid afto 2.5 gm. feeding but none at all after feeding the 
same dog a dose of 6 gm. That the animal organism is able to 
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furnish much more glycoeoll than the amo’^int nec(*ssary to com- 
bine with even 6 gra. of the acid has been shown by th(' numerous 
experiments reported after the feeding of benzoic acid. It seems 
most probable that both of these acids, the p-hydroxylbenzoic 
acid and p-hydroxylpheny lace tic acid, are at least to a large de- 
gree combined with glycocoll or some other arnino-acid as a first 
step in the process of their (elimination. This compound then 
undergoes a more or less complete^ oxidation depending on the 
mcta})()lic proc(?ss common to a given species of animal. In this 
there may be the formation of the glyco(!oU comi)()uiid from 
almost any of the amino-acids as well as a partial d(\struction 
of the glycocoll compound and elimination of some of the fr('(' 
aromatic acid. Magnus-Levy (15) has shown that benzoylated 
amino-acids are not changed into hippuric acid in the* animal 
organism but are excreted in the same form in the urine. Thier- 
felder and Sherwin on the contrary find phtaiaceturic acid in, the 
urine of a dog after feeding phenylaccTyl glutamine. 

C‘0N(XT\S10N. 

1. After f(H^ding a monkey p-hydro.\yl ben zoic acid 50 to 00 
per cent of it was isolated from the urine as the free acid. 

2. When a monkc^}’^ recaived I gm. of p-hydroxyl|)henylacotic 
acid 32 per (‘.ent of it was found in the urine in an unc'ombi ned 
state. After feeding 4.5 grn,, 48.37 per cent was rt^gained from 
the urine in an uncembined state while 11.27 per cent occuried 
(in combination with gly(^ocoll) as p4iydroxylphcuaceturi(‘ acid. 

3. p-llydroxylpheiiacettiric acid, found in only a very small 
amount by Salkowski and Salkowski, was obtained in sufficient 
amounts for analysis and the preparation of the copper salt. 

4. The process of metabolism of the aromatic arnino-acids in 
the monkey is the same as that of the lower animals and diffiu'- 
ent from that of man. The monkey excretes the /^-hydroxyl- 
benzoic acid in the urine in an uucombined state while a partial 
combination with glycocoll takes place in the human organism. 
The p-hydroxylphcnylacetic acid is partly excreted as p-hydroxyl- 
phenaceturic acid in the case of the monkey and lower animals but 
is excreted in an uncombined form in the urine of man. 
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THE DETERMINATION OF TYROSINE IN PROTEINS. 


By caul O. JOHNS and D. BHEESK JONES. 

{From the Protein InveMigation. LahoraUrry ^ Jiureau of Chemistry^ 
Department of Agriculture, Washi/fi^iton.) 

(Rocoivod for Soptcrrdior 24, 1918.) 


In the d(‘tcrminatioii of the amino-acids in proteins, the -tyro- 
sine is usually (estimated by hydrolyzing a separate 50 gin. por- 
tion of .the protein in addition to the larger quantity used for the 
est-erifi cation. The hydrol5\sis may Ixi accomplivshed by means 
of either sulfuric or hydrochloric acid. In most instances sul- 
furic acid has been (employed. After the hydrolysis the sulfuric 
acid is removed quantitatively by means of barium hydroxide. 
This results in a large precipitate of barium sulfate which must 
washed repeatedly to remove all of the tyrosine. The tyrosine, 
together with the other amino-acids, is thus left in a large volume 
of water whi(‘h must be (joncentrated before the tyrosine will 
crystallize out. 

^\'hcn hydrochloric acid Ls used the hydrolysate is filtered to 
remove humin and the filtrate is decolorized with carbon. It is 
then concentrated under diminished pressure to a sirup in order 
to remove as much hydrochloric acid as povssiblc. The residue is 
diluted to 1 litiir with water. The chlorine content is deter- 
mined in an aliquot part and hydrochloric acid is neutralized by 
adding the calculated quantity of potassium hydroxide. The final 
volume of solution thus obtained is less than when sulfuric acid 
is used and there is 'no precipitate to adsorb the tyrosine. This 
method is therefore the more convenient and less laborious. 

In a recent hydrolysis of kafirin, the alcohol-soluble protein of 
kafir, Andropogon sorghum (1), determinations of tyrosine were 
made by both methods and the quantities found were 2.48 and 
2.45 per cent, respectively. In both determinations the solutions 
were gradually concentrated with the removal of successive crops 
of tyrosine until only traces of tyrosine ciystallized out, togetlier 
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with considerable quantities of other amino-acids. Nevertheless, 
the mother liquors still gave tests for tyrosine with Millon's 
reagent showing that all of the tyrosine had hot been isolated. 

A third determination was therefore made using the colori- 
metric method of Folin and Denis (2) after hydrolyzing 1 gin. of 
kafirin by boiling for 12 hours with 25 cc. of 20 per cent hydro- 
chloric acid. This determination indicated the presence of 5.49 
per cent of tyrosine in kafirin. 

When tyrosine is to be isolated from a protein it is customary 
to boil the protein with the mineral acid for from 18 to 30 hours or 
even longer. It is questionable whether it is ad'^isable to boil for 
so long a period. Gortner (3) has shown that under certain con- 
ditions tyrosine is slowly decomposed when a protein is boiled with 
hydrochloric acid. In order to ascertain whether more tyrosine 
can be isolated by decreasing the duration of the hydrolysis, a 50 
gm. sample of kafirin was hydrolyzed for 12 hours with 20 per (;ent 
hydrochloric acid. In this experiment 3.91 per cent of tyrosine 
was isolated. This is 1.43 per cent more than was obtained when 
kafirin was hydrolyzed for 48 hours. It therefore seems unneces- 
sary and even detrimental to continue the hydrolysis for more than 
12 hours. It is very unlikely that all of the tyrosine was i.so]ated 
in this experiment since it is practically impos.sible to crystallize 
out all of the tyrosine from the hydrolysates of most proteins. 
It is therefore probable that the percentage of tyrosine indicated 
by the colorimetric method of Folin and Denis represents more 
accurately the quantity of tyrosine present in the protein than 
does the percentage obtained by direct isolation. 

Objections have been raised by Abderhalden and Fuchs (4) 
and Abderhalden (5) to the colorimetric method of Folin and 
Denis on the ground that tryptophane, oxytryptophane, and 
Z-oxyproline, if present, will cause high results. These au- 
thors, however, report only qualitative t^sts with the above 
amino-acids and do not consider the effect of hydrolysis. It is 
true that tryptophane gives a blue color with the reagent of 
Folin and Denis, but the intensity of the color is much less than 
that given l>y an equivalent weight of tyrosine. It is well known 
that tryptophane is decomposed by acid hydrolysis. To ascertain 
whether this decomposition is complete and that the decomposi- 
tion products do not give a color with the reagent of Folin and 
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Denis, the following experiment was made: 5 per cent of trypto- 
phane was added to 0.5 gm. of kafirin and the mixture was boiled 
with 20 per cent hydrochloric acid for 12 hours. The tyrosine 
in the hydrolysate was estimated by the method of Folin and 
Denis and was found to be 4.36 per cent. A hydrolysis of kafirin 
performed under similar (Jonditions without the addition of tryp- 
tophane gave 4.84 per cent of tyrosine. Hence the tryptophane 
was completely decomposed and its decomposition products 
gave no blue color with the reagent of Folin and Denis. It is 
also to be expected that oxytryptophane, if present, would be 
decomposed by acid hydrolysis, since the presence of the hydroxyl 
group would probably render it less stable than tryptophane. A 
sample of gelatin to which tryptophane had been added was also 
hydrolyzed. The blue color obtained with the reagent of Folin 
^ and Denis was of the same intensity as that obtained by a con- 
trol hydrolysis where no tryptophane was added. The faint blue 
color ol)tained from the hydrolysate of the gelatin was probably 
due to tyrosine since the gelatin gave a distinct test for tyrosine 
wdth Millon’s reagent. 

Abderhalden (5) states that Z-oxyproline gives a blue color 
with the reagent of Folin arid Denis. On the other hand, Folin and 
Denis (2) obtained only a faint blue color from the hj^drolysate of 
gelatin which contains 3 to 6 (G) per cent of oxyproline. This 
color was probably due to tyrosine. We tested a number of high 
grade samples of gelatin and did not find one that ilid not respond 
to the test for tyroKsine with Millon’s reagent. Even gelatin pre- 
pared from carefully cleaned cartilaginous rings of ox trachi^a 
gave a decided test for tyrosine. 

Tyrosine and cystine are the least soluble in water of all the 
amino-acids obtained from the hydrolysate of a protein. Most 
of the cystine present in proteins is decomposed by prolonged acid 
hydrolysis and does not interfere with the isolation of tyrosine 
from most proteins. On the other hand, the presence of consider- 
able quantities of other amino-acids in a hydrolysate may render 
the tyrosine readily soluble. We ('iicountered a case in which 
considerable tyrosine was separated from a hydrolysate. After 
this tyrosine had been removed a large crop of almost pure leucine 
separated. On concentrating the 'mother liquor considerably 
more tyi*osine mixed with a little leucine was obtained. In an- 
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other instance we had a similar experience with a fraction of a 
hydrolysate from which the leucine and some valine had been re- 
moved and which on further concentration still yielded some pure 
tyrosine. 

CONCLUSIONS. ^ 

The method of Folin and Denis for the determination of tyrosine 
has l)eon investigated. It has been found that tryptophane is 
completely decomposed during the hydrolysis of proteins with 
hydrochloric acid and that the decomposition products do not 
interfere with the determination of tyrosine by the method of 
Folin and Denis. Since tyrosine is decomposed to some extent 
during hydrolysis there seems to be no advantage in hydrolyzing 
more than 12 hours. It has been shown that oxyproline does not 
interfere with the determination of tyrosine by the method of 
P'olin and Denis. Gelatin which is said to contain up to 6 per 
cent of oxyproline gave but little color with the reagent of Folin 
and Denis after hydrolysis. This color was probably due to 
tyrosine in the gelatin since a test for tyrosine was obtained by 
Millon^s reagent. 
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THE HYDROLYSIS OF KAFIRIN. 


By 1). BHKESB JONES a^nd CARL O. JOHNS. 

{From the Protein InvestigaHou LahoraUrnj, Bureau of ChendMry, 
Department of AdrieuliurCf Wa.Hkington.) 

(Pie(*(*ivod for ])iihlic«*ition, Scplomber 24, 1018.) 

Kafiriii is the alcohol-sohible protein of kafir, Andropogon 
mrghwn. The sample userl in this investigation was prepared 
according to the method previously published (1). Tlie methods 
employed in the hydrolysis of kafirin are essentially those devised 
by Fischer and modified by Osborne. Cka-tain modifications 
recommended by other investigators were found helpful and are 
noted below. 

The esterification of the amino-aeids was accomplished by the 
method of Phelps and Phelps (2, 3). The esters were liberated 
fi‘om their hydrochlorides wdth sodium ethylate instead of wsodium 
hydroxide. This change was suggested by Abderhalden and 
Hostoski (4). Instead of distilling the esters directly after filter- 
ing off sodium (.‘hloridc and evaporating the ahiohol , the esters were 
mixed with w^ater and extracted with ether. This made it pos- 
sible to make a second esterification of the portion not soluble in 
ether. Since a 3 per cent solution of sodium ethylate in alcohol 
was used to liberate the esters from their hydrocLlorides, the free 
esters were left dissolved in a large volume of alcohol. When this 
was distilled off, sonui of the esters were carried over. These 
were recovered by adding hydrochloric acid to the receiver and 
finally evaporating the alcohol. The ether with which the esters 
had been extracted also carried over esters equivalent to 12 gm. 
of amino-acids. These were recovered by acidifying the ether 
with hydiX)chloric acid and evaporating the ether after the mix- 
ture had stood for some weeks to allow any glycine hydrochloride 
that might be present to separate. Osborne and Liddic (5). have 
shown that other esters as well as that of glycine can be carried 
over with the ether. 
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Tyrosine was first determined in the usual manner by making 
separate hydrolyses of 50 gm. samples of the protein. Two de- 
terminations were made, using sulfuric acid for one hydrolysis and 
hydrochloric (6) acid for another. These methods gave similar 
results; namely, 2.45 and 2,48 per cent, respectively. Since it is 
practically impossible to crystallize all of the tyi*osine from a solu- 
tion of the hydrolysate of a protein, it seemed probable that these 
results were low. A third determination of tyrosine was there- 
fore made, using the colorimetric method of Folin and Denis (7, 
8). This determination indicated the presence of 5.49 per cent 
of tyrosine in kafirin, or more than twice as much as was ob- 
tained by direct crystallization in the first two determinations. A 
fourth determination of tyrosine was made by hydrolyzing the 
kafirin with hydrochloric acid for only 12 hours and crystallizing 
in the usual manner. This determination gave 3.91 pc^r cent of 
pure tyrosine. 

The determination of aspartic acid was made by the method of 
Foreman (9) on a separate 50 gm. portion of the protein. Much 
higher results were obtained by this method than by separating 
the aspartic acid from the esters. 

The method of Van Slyke and Levene (10) for the separation of 
leucine and valine was employed and found to be very satisfactory. 

The percentages of the basic amino-acids in kafirin, as deter- 
mined by the Van Slyke method have already been published (1). 
Two new determinations were made by Mr. A. J. Finks of this 
Laboratory, and they agreed well with the previous results. The 
percentages of the different amino-acids obtained in the hydrolysis 
of kafirin have been summarized in Table I. The values recorded 
in this table for leucine, proline, and glutarninic acid are some- 
what higher than the figures given in the experiment al work here 
recorded. They were obtained by a method of isolation which 
is now under investigation in this Laboratory. Since kafirin 
resembles zein, the alcohol-soluble protein of maize, in many re- 
spects, the percentages of amino-acid found in zein are also 
given for the sake of comparison. The values given for zein are 
compiled from the results of several hydrolyses and represent the 
highest reliable values recorded. 



C. O. Johns and D. B. Jones 


325 


TABLE I. 

Pnrdenlage of Amino-Aridif hi Kajirin ami Zein. 


.. 

Kafirin. 

Zoin.* 

01 yciiie 

Alanine 

per cent 

(1.00 

8.08 

per cent 

0.00 

9.79 

Valine 

4.26 

1.88 

Leucine 

15.44 

19.55 

Proline 

7.80 

9.04 

Phenylalanine 

Aspartic acid 

2.34 

2.27 

6.55 

1.71 

Ghitaniinic acid 

21.23 

20.17 

Serine 

Oxyproline 


1.02 

Tyrosine 

5.49 

3.55 

Cystine, ... 

0.84 


Arginine 

1.59 

1.55 

Histidine 

1.12 

0.82 

Lysine 

Tryptophane 

0.95 

Present. 

0.00 

0.00 

.\niirionia 

3.46 

3.64 


Total 

74.87 

^ 85.27 



OHborru*. T. B., and laddli'. h. M., Am. J. Physiol, M)H), xxvi, 304. 


EXPERIMENTAL. 

500 gni. of the kafirin, equivalent to 473 gm. of ash- and 
rnoisture-frce protein were hydrolyzed in three separate portions 
of 100, 200, and 200 gni. each by heating with 1,500 cc. of hydro- 
chloric acid (specific gravity 1.1) on a steam bath until nearly 
all of the substance had gone into solution, and then boiling for 
40 hours in an oil bath. 

Glutaminic acid was separated from each portion by concen- 
trating the solutions to about two-thirds of the original volumes, 
saturating with hydrochloric acid gas at 5-10®C., and allowing 
them to stand in a refrigerator for 5 to 6 days. The crystalline 
product was filtefred oflf by suction on asbestos, washed with cold 
alcohol which ha<i been saturated with dry hydrochloric acid gas, 
dissolved in waters and most of the color removed by means of 
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animal charcoal. The solutions were then boiled with an excess 
of barium hydroxide until nearly all of the ammonia had been ex- 
pelled. The barium hydroxide was removed quantitatively with 
sulfuric acid. From the resulting solutions there were obtained 
23.30, 42.97, and 49.15 gm. respectively of practically pure gluta- 
minic acid hydrochloride, equivalent to 92.50 gm. of the free acid, 
or 19.55 per cent of the kafirin. The glutaminic acid hydro- 
chloride gave the following analytical results: 

Carbon and Hydrogen. gm. suhst/uicc gave 0.4107 gm. iXh and 

0.1769 gm. HaO. 

Nitrogen. — 0.1825 gm. subslance required 10.3 cc. 0.1 n H 2 BC) 4 . 

Chlorine. — 0.2028 gm. substance gave 0.1580 gm. AgCl. 

C H N Cl 

Calculated for Cf, 11904 ^. 1101 , 


per cent 32.70 5.49 7.63 19.32 

Found , per cent ' .32.59 5.08 7.70 19.20 


The filtrates from the glutaminic acid hydrochloride ^erc 
united and concentrated under diminished pressure to a thick 
sirup, which was taken up in absolute alcohol and again concen- 
trated to remove water. The residual amino-acid hydrochlorides 
were then esterified according to the method of Phelps and 
Phelps (2) as follows: T^e sirup was dissolved in 50 cc. of con- 
centrated alcoholic hydrochloric acid and 50 cc. of absolute alco- 
hol. After adding 40 gm. of fused zinc chloride, the vapors of 
3,500 cc. of absolute alcohol containing 105 cc. of alcoholic hy- 
drochloric acid were passed, during 11 hours, through the solu- 
tion which was kept at a temperature of 105-110*^0. by heating 
in an oil bath. The esh^rs were dissolved in about a liter of 
absolute alcohol. After standing over night about 32 gm. of 
antmoniurn chloride had separated, which w^as filtered off, washed 
with absolute alcohol, and the washings and the solution of esters 
were united, and made up to 2 liters with absolute alcohol. 
Chlorine was determined in two aliquot portions of 20 cc. each. 
The esters were liberated from their hydrochlorides by the addi- 
tion of the calculated quantity of sodium dissolved in absolute 
alcohol so as to make about a 3 per cent solution of sodium ethyl- 
ate. The sodium chloride was removed by decantation and cen- 
trifugation, and the alcohol by distillation at about 40°C. under 
diminished pressure. The alcohol was saved for further exami- 



D- B. Jones and C. 0. Johns 


327 


nation. The thick, siriipy residue of esters was dissolved in about 
500 cc. of ice cold water, and the solution shaken out several times 
with ether. Finally solid potassium (carbonate was added to the 
residue until a thick paste was obtained, and the mixture ex- 
tracted with ether until the ether extracts were colorless, the 
temperature being kept below 0®C. The ether solutions of the 
esters were dried in the usual way by standing over anhydrous 
sodium sulfate. 

The residue containing the potassium carbonate was freed 
from inorganic salts by dissolving in water and saturating with 
hydrochloric acid gas and concentrating on the steam bath and 
filtering off su(a*.essivc crops of salts. The salts removed were 
washed with absolute alcohol and the washings added to the mother 
liquor. This solution was then esterified as described above. 

The ether was removed from the united esters by distillation 
at atmospheric pressure and 320 gm. of esters were obtained. 

Ether DiMilled from the A\s‘^ers.-- The? ether which was distilled 
from the esters was acidified with alcoholic hydrochloric acid and 
allowed to staiul for 3 to 4 weeks. There was no separation of 
glycine ost(n' hydrochloride crystals. The ether was distilled off, 
the residue taken up in water, an excess of barium hj^droxide 
a<ided, and the solution boiled for 6 hours to hydrolyze the esters 
and reinoye ammonia. After removing the barium hydroxide 
and chlorine the solution was evaporated to dryness. Proline 
was extracted from the residual amino-acids with absolute alcohol. 
There was thus ol)tained 10.87 gm. of amino-acids insoluble in 
alcohol, which were added to the fraction similarly obtaineil from 
Fraction 1 of the distilled esters (see below). 

'The alcoholic prolinc extra(!t was evaporated to dryness, taken 
up in water, and examined according to the method of \'an Slyke 
for determining amino nitrogen. The total nitrogen was 0.1825 
gm., the amino nitrogen, 0.06468 gm., making the difference, 
0.1178 gm. which corresponds to 0.97 gm. of prolinc. 

Alcohol Distilled from the Esters at — The alcohol, which 

was distilled from the esters after their libc^ratioii from their hy- 
drochlorides by means of sodium ethylate, was acidified with 
alcoholic hydrochloric acid and the solution concentrated to a 
thick sirup. 5 volumes of water were added and the esters sa- 
ponified by boiling from 6 to 7 hours. The chlorine was removed 
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with silver sulfate and the solution evaporated to dryness. After 
removing the proline in the usual way, there I’einained 19 gm. of 
amino-acids insoluble in alcohol. The alcoholic extract of pro- 
line was added to that similarly obtained from Fraction I (see 
below) . 

The amino-acids insoluble in alcohol when subjected to frac- 
tional crystallization yielded 2.21 gm. of leucine and 16,03 gm. of 
alanine. Analysis showed the leucine to have the following 
composition : 


Carbon and Hydrogen, — 0.1021 subBtunco giivc 0.2040 gni. CO 2 and 

0.0927 gm. H 2 O. 

C Ji 

Calculated for CgliiaNO^, per cent 54.96 9.99 

F ouiid , per cent 54,73 10.16 


The alanine gave the following results when analyzed: 

Carbon and Hydrogen.~i).2{)(){ gm. subBtance gave 0.2969 gm. CO 3 and 


0.1422 gm. H 2 O. 

C H 

Calcidatcd for CaHrO^N, per cent 40.41 7.92 

Found, percent 40.47 7.95 


The esters of the amino-acids after removal of the ether were 
distilled as follows, using liquid air to condense vapors: 

■§1 


Fraction. 

Temperature of 
the vapors up 
to 

Preesure. 

Weijsht. 


^C. 

»n?n. 

(im. 

I 

92 

15.0 

113 5 

11 

115 

0.46 

;^ 8 .o 

ITii distilled residue 

1 



128.0 


Fraction I , — This fraction was saponified by boiling for about 
8 hours with 10 volumes of water. The solution was evaporated 
to dryness and again taken down several times with absolute alco- 
hol to remove water. To the amino-acids of this fraction were 
added those obtained from the ether distilled from the esters, to- 
gether with 1 gm. of substance which had separated on long stand- 
ing from the alcoholic extracts of proline. Proline was extracted 
by boiling with absolute alcohol. The amino-acids insoluble in 
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alcohol, which weighed 71 gm., were subjected to fractional ciystal- 
lization. There were obtained 25 gm. of leucine which had the 
following composition: 


Carbon and Hydrogen. — 0.2088 giYi. substance gave 0.4209 gm. CO 2 aiul 
0.1913 gm. H 2 O. 


C H 

Calculated for C^HisNOa, per cent 54.96 9.99 

Found, per cent 54.98 10.25 


There was further obtained a fraction weighing 30 gm. consist- 
ing of a mixture of leucine and valine. These two acids were 
separated by means of their lead salts according to the method 
of Van Slyke and Levene (10). The lead leucine, which weighed 
32 gm., equivalent to 17.82 gm. of leucine, gave th(‘ following 
results on analysis: 

Lcad.^--0.2014 gin. substance g.HVo 0.1889 gin. PbSO.|. 


Vh 

Calculated for PbCCJlriOzNala, per cent 44.29 

Found, per ceni 44.27 


The filtrate from the lead leucine, after removal of the lead 
with hydrogen sulfide, w'as evaporated to dryness. The residue, 
after removal of acetic acid and ammonium acetate with the ether- 
alcohol mixture, weighed 11.09 gm. and was practi(*ally pure 
valine. \t^ithout having been recrystallized it gave the following 
results on analysis: 


Carbon and Hydrogen. — •().2S2(i gm. substiin(?e g.'ivo 0.,5284 gm. CC- and 


0.2406 gm. II 2 O. 

c H 

Calculated for CiHuOaN, per cent 51.28 9.47 

Found, per ceni 51.00 


The remainder of Fraction I, which weighed 28.30 gm., was 
separated into nine fractions. The ninth fraction which contained 
most of the remaining substance, contained 41.25 per cent nf 
carbon indicating the presence of alanine contaminated with 
valine. This percentage of carbon also shows that there vas 
little or no glycine present. After extensive fractional crystalli- 
zation it was found impossible to effect a separation of the alaniiie 
and valine. The fractions were accordingly united and thor- 
oughly mixed. Analysis showed it to contain 43.34 per cent of 
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carbon and 7.86 per cent of hydrogen, corresponding to 7.66 gm. 
of valine and 20.67 gin. of alanine in this mixture. 

The united alcoholic extracts containing the proline, after 
standing for several weeks, were filtered from a small amount of 
■substance which had separated out, and the filtrate was evaporated 
to dryness; the sirupy residue was dissolved in water and made up 
to 500 cc. The total nitrogen in this solution was 2.3090 gm., 
the amino nitrogen, 0.3273 gm., the difference, 1.9817 gm., cor- 
responding to 16.29 gm. of proline. The proline contained in the 
remainder of the solution after having made the Van Slyke amino 
nitrogen determination, was isolated and weighed in the form of 
its copper salts. These contained 10.88' gm. of Z-proline and 5.79 
gm. of dZ-proline, which after correcting for the losses involved 
in the Van Slyke analyses amounts to 19.19 gm. of proline. 

The Z-proline copper salt was converted into the free ac.id and 
identified in the form of the phenylhydantoin which crystallized 
in beautiful characteristic prisms, melting sharply at 143 ®C. 

The air-dried dZ-copper salt showed the following composition 
on analysis: 


Water. — 0.3449 gm. substance lost 0.0377 gin. H 2 O at 110°C. 

HtiO 

Calculated for Cl oHi60«NjCu2H20, percent 10.99 

Found, per ceni 10.93 

Copper. — 0.2843 gm. substance dried at 110° gave 0.0770 gm. CuO. 

Cu 

Calculated for CioHuChNaCu, per cent 21.81 

Found, per cent 21.04 


Fraction II , — The phenylalanine ester was extracted from this 
fraction with ether in the usual way and saponified by heating 
with concentrated hydrochloric acid. The resulting product was 
united with that obtained in a similar way from the undistilled 
residue. 

The aqueous layer which remained after the extraction with 
ether was saponified by boiling with barium hydroxide, and 2.72 
gm. of aspartic acid were isolated in the form of the barium 
salt. Analysis of the free aspartic acid obtained by decomposing 
the barium salt with sulfuric acid showed it to have the following 
composition : 
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Carbon and Hydrogen.— 0,W44 gm. substance gave 0.2191 gm. CO 2 and 


O.OSIO gni. H 2 O. 

C H 

Calculated for C4H7O4N, per rent 36.09 3.26 

Found, percent 36.33 5.51 


No glutaminic acid or copper aspartate could be obtained from 
the filtrate from the barium aspartate. 

Distillation Jiesidue . — The undistilled portion of the esters was 
iiiix('d with 5 volumes of water and the mixture shaken in the 
usual way with an ccjual volume of ether. On standing there 
separatiKl from the ether solution about 4 gm. of diketopipera- 
zines which were filtered off and the ether was allowed to evaporate 
iit room temperatui’e. The residual esters were hydrolyzed in the 
usual way with concentrated hydrochloric acid. After removing 
ji small amount of oil by extraction with ether, tlie dark, red 
solution was largely decolorized by treatment with animal char- 
coal. To this solution was added that similarlj^ obtained from 
Fraction II. 

On account of an admixture with tlu^ pheuylalaniiK' contained 
in this solution, of considerable leucine and a little tyrosine, 
chlorine was removed quantitatively from the mixture of amino- 
acid h 3 Mlrochlorides and the whole subjected t,o fractional crystal- 
lization. The total amount of amino-acids thus obtained was 
equivalent to 10.65 gm. of phenijlalanine, 19.51 gm. of leucine, 
and 2.38 gm. of tyrosine. The phenylalanine on analysis gave 
till* following results: 

Carbon and fl ydrogeri.— 0.174^ gm. siibstancej gave 0.4168 gm. CO 2 and 


0.1070 gm. HoO. 

C II 

Calculated for C»H 1 1 O 2 N, percent 65.43 6.66 

Found, percent 63.22 6.93 


The leucine had the following composition: 

Carbon and Hydrogen.— gm. substance gave 0.5096 grn. COa fiml 


0.2241 gm. H 2 O. 

C H 

(calculated for CeHuNOa, per cent ,54.96 9.99 

Found, per cent 54.80 9.88 


The aqueous layer remaining after the extraction with ether 
was saponified with barium hydroxide, and the latter removed 
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quantitatively with sulfuric acid. The solution was then con- 
centrated and saturated with hydrochloric acid gas at a low tem- 
perature. On standing there separated 8.09 gm. of glutarninic 
acid hydrochloride. The free acid obtained by decomposing the 
hydrochloride with an equivalent amount of normal potassium 
hydroxide was analyzed with the following results: 

Carbon and Hydrogen.- gm. substance gave 0.3439 gm, CO2 and 


0.1285 gm. HjO. 

C H 

Calculated for CSH0O4N, 40.81 6.12 

Found, per cent 40.94 6.28 


No copper aspartate could be obtained from the filtrate from 
the glutarninic acid hydrochloride. 

Aspartic Acid. — 47.27 gm. of ash- and moisture-free protein 
were hydrolyzed by boiling with 200 cc. of hydrochloric acid 
(specific gravity 1.1) for 50 hours and the aspartic acid wRvS deter- 
mined according to Foreman's method (9) by its separation, 
together with glutarninic acid, from the other products of hy- 
drolysis, as the calcium salts. There were isolated 6.86 gin. of 
glutarninic acid in the form of the hydrochloride, and 2.22 gnu 
of copper aspartate equivalent to 1.07 gm. of the free acid. 
Analysis showed the copper aspartate to have the following 
composition: ^ 

Copper, — 0.2061 gm. .substance, air-dried, gave 0.0G02 gm. CuO. 


Cu 

Calculated for C4H6O4NCU.4IH2O, per cent 23.07 

Found, per cent 23.34 


Tyrosine * — Four different determinations of tyrosine w(*re inad(». 
A quantity equivalent to 47.27 gm. of ash- and moisture-free 
protein was hydrolyzed by boiling with 100 cc. of concentrated 
hydrochloric acid and 100 cc. of water for 48 hours. Tbs solu- 
tion was then concentrated under diminished pressure and again 
taken down two or three times with water to remove as much 
as possible of the hydrochloric acid. The residual siinip was dis- 
solved in water, decolorized with charcoal, and made up to 1,000 
cc. The amount of chlorine in the solution was determined and 
the calculated amount of normal potassium hydroxide added. 
By concentration of the solution there were obtained 1.17 gm. of 
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tyrosine equivalent to 2.48 per cent, which gave the following 
results when analyzed; 

Carbon and Hydrogen. — 0.1527 gn». substance gave 0.3350 gni. CO 2 and 


0.0868 gm. HjO. 

C H 

Calculated for CgHu.OaN, per cent 59.67 6.08 

Found, per cent 59.83 6.36 


A second determination made by hydrolyzing 47.30 grn. of the 
ash- and moisture-free protein by boiling for 35 hours with 150 
gm. of sulfuric acid and 300 cc. of water, removing the sulfuric 
acid quantitatively with barium hydroxide, and concentrating to 
crystallization, gav(» 1.18 gm. of tyrosine equivalent to 2.45 per 
(•(int of the protein. 

The third determination was made cplorimetrically a(^(K)rdiiig 
to the method of Folin and Denis (7). A quantity of kafirin 
e(iui valent to 1 gm. of the ash- and moisture-free protein was 
hydrolyzed by l)oiling for 12 hours with 25 cc. of 20 pei* ccmt 
hydrochloric acid. The solution was decolorized with charcoal 
and made up to 100 cc. The tyrosine in the solution determined 
colorimetrically as described by h'olin and Denis, was equivalent 
to 5.49 per cent of the protein. 

A fourth determination of tyrosine was made as follows: A 
{luantity of kafirin equivalent to 46.81 gm. of ash- and moisture- 
free protein was hydrolyzed for a^period of only 12 hours by boil- 
ing with 200 cx*. of 20 per cent hydrochloric acid. After removing 
as much as possible of the fre(i hydrochloric acid by concentrating 
under diminished pressure, the re.sidual hydrochloric acid was 
neutralized by adding the calculated quantity of normal potassium 
hydroxide. It was then possible to crystallize out 1.83 gm. of 
tyrosine which are equivalent to 3.91 per cent of the kafinn. 
This is 1.43 per cent higher than the best yield obtained by 
direct isolation in the experiments described above in which the 
protein was hydrolyzed for 48 hours. 
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THE QUANTITATIVE DETERMINATION OF PHOS- 
PHORUS BY THE NEPHELOMETRIC METHOD.* 

By EDWARD B. MEIGS. 

{From the Research Labor alories of the Dairy Division, Bureau of Atnmal 
Industry, United States Department of Ayricvlture.) 

(Reccivod for publication, September 19, 1918.) 

The iiepholornetric method of phosphorus determination pro- 
posed by Pouget and Chouchak^ has since been developed and 
used by Kober and Egerer,- Greenwald,*'* and Bloor.'^ In deter- 
minations made by this method, the phosphate is precipitated 
from its solutions by what I shall call the “strychnine molybdate 
reag(‘nt.” This is prepared by treating a solution of sodium 
molybdate in hydrochloric acid and water with strychnine sulfate. 
The method of preparing the reagent and the special procedure by 
which the phosphate is precipitated will be described more fully 
later. The determinations which form the basis for this article 
were made with the Duboscq colorimeter converted to a nephel- 
ometer, as described by Bloor.® 

For convenience of discussi'on the density of a phosphate sus- 
pension may be defined as a quantity proportional to the amount 
of phosphate contained in the solution from which it was pre- 
cipitated; and its nephelometric value, as the amount of light 
which a given volume of it will reflect to the eye of the observer 
under the conditions to which it is subjected in the nephelometer. 
It is obvious that there will be no proportionality between the 
densities and the nephelometric values of phosphate suspensions 

* Published by permission of the Secretary of Agriculture. 

* Pouget, I., and Chouchak, D., Bull. Soc. chim. France, 1909, v, 104; 
1911, ix, i[)49. 

* Kober, P. A., and Egercr, G., J. Am^ Chem. Soc., 1915, xxxvii, 2,373. 

® Greenwald, I., J. Biol. Chem., 1915, xxi, 29. 

* Bloor, W. R,, J. Biol. Chem.,- 1915, xxii, 133, 145; 1010, xxiv, 452. 

^ Bloor, J. Biol. Chem., 1915, xxii, 14,5. 
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except under certain very special conditions. For the same 
quantity of precipitated phosphate may be divided into a few 
large particles or into more numerous smaller ones; the nephelo- 
m(‘tric value will obviously be different in the two cases, though 
i\ii) density may be the same. For this reason the investigators 
who have made use of the nephelometric method have laid great 
emphasis on the necessity of precipitating the standard and test 
suspensions as nearly as possible at the same time and under the 
same conditions. 

When this is done, the nephelometric values of different phos- 
phate suspensions are roughly proportional to their densities. 
By this I mean that if two suspensions of different densities are 
compared in the nephelorneter under proper precautions, it will 
I)(‘ found that the lengths of column which must be exposed to 
tin' light in order to make the illumination equal in the two 
semicircles are roughly inversely proportional to the densities. 
If, for example, the two suspensions have densities of 9 and 10 
respectively, and if a column of the foraier 30 mm. long is exposed 
to the light, it will be found that approximately 27 mm. of a 
similar column of the latter must be exposed in order to make the 
illumination equal in the two semicircles. 

But the proportionality between difference in density and dif- 
ference in nephelometric value is not exact; and it is a very im- 
portant practical question whether the correction which must be 
mad(i depends only on fixed factors, such as the constructional 
peculiarities of the nephelorneter and the degree of difference 
between the two suspensions to be compared, or whether it 
depends also on variable factors, such as the temperature at 
which the two suspensions are made and the character of the 
ix'agent used in precipitating them. 

Kober and Egerer and Bloor imply in their discussions of the 
method that they think the former alternative is the case. Thus 
Kober and Egerer give mathematical formulas to be used in 
calculating the density of suspensions from the readings given by 
them in the nephelorneter;* and Bloor says:^ 

« Kober and Egerer, J, Am. Chem. Soc., 1915, xxxvii, 2378, 2379. 

' Bloor, J. Biol. Chem., 1915, xxii, 143, 
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“Since the njadings obtained from different solutions are not exactly 
proportional to the amount of phosphate present and since the differences 
between the observed and theoretical reading increase as the differences 
in phosphate content increase it is necessary to calibrate the instrument 
for different strengths of test solution and for different standards, although 
where the test solution docs not differ from the standard by jnor€> than 
25 per cent the corrections fall within the limit of error of t lie diderminatioii 
and no correction can be made/’ 

My own experience leads me to dissent from the viow implied 
in the quotations given above, though 1 still think that th(? 
nephelometric method is of great value. The importance of a 
method by which 0.03 mg. of phosphorus can he quantitatively 
determined with even approximate accuracy is so obvious, that 
I feel justified in reporting my experience in some detail. 

I have had occasion to make several hundred nephelometric 
deUjrminations of the phosphorus content of known solutions. 
Of these, perhaps 50 per cent fell within 5 per cent of what was 
known to be the correct value; the others were off, sometimes as 
much as 30 per cent. There were two possible ways of account- 
ing for the incorrect results. One was to suppose that they were 
due to accident — unconscious mistakes, contaminations by 
volatile materials in the air of the laboratory, by dust, etc. 
Another was to suppose that they were due to influences which 
arc controllable, but which had not yet been controlled; such, 
for instance, as the temperature prevailing during various parts 
of the procedure and the age of the reagents. 

'My subsequent experience shows that ternperaturt' and the 
character of the reagent as determined by its age and by other 
factors are matters of the greatest importance. Very large devia- 
tions from what n^y be called the theoretical readings may be 
caused by the charactcjr of the reagent and by the amount of 
hydrochloric acid present at the time the phosphate suspensions 
are made, and it will therefore be necessary to consider these 
matters in some detail. 

My strychnine molybdate reagent has been made up according 
to the description given by Kober and Egerer.® Specially pre- 

* Kober and Egerer, J, Am. Chem. Soc,, 1915, xxxvii, 2374-2376. 



338 


Phosphorus Determination 


pared sodium molybdate,® water, and hydrochloric acid are mixed 
together in certain proportions, and to this solution a small 
amount of a saturated strychnine sulfate solution is added. The 
filtrate obtained from the resulting precipitation is used as the 
reagent. My determinations have generally been made accord- 
ing to the procedure given by Bloor.*® 25 cc. of water are placed 
in each of two 50 cc. flasks, and 5 cc. of ^'1:1 HCP’ and 5 cc. of 
the reagent arc added in each case. 10 cc. of the standard phos- 
phate solution are then run into one of the flasks, and 10 cc. of 
the test solution, into the other; the resulting suspensions are 
made up to volume with water, and subsequently read against 
each other in the nephelorneter, 

Kober and Egerer assert that the stiychnine molybdate rea- 
gent as made up by them with hydrochloric acid is stable and 
gives quantitative and constant results.^^ This statement is not 
in entire accord with my experience. I have found that the 
stability and other important qualities of the reagent depend, to 
a surprising extent, on the strength of hydrochloric acid used in 
preparing it, and this concentration should be known with great 
exactness. 

Both Kober and Egerer and Bloor use the phrase ** 1 : 1 hydro- 
chloric acid’^ in the desepptions of their procedures, by which 
they mean acid made by adding together about equal parts by 
volume of the ‘^concentrated hydrochloric acid^^ which is supplied 

® The sodium molybdate was in most cases prepared as described by 
Kober and Egerer from Merck’s molybdie acid “highest purity.” The 
product obtained from this preparation is pure white crystalline powder, 
15 gm. of which readily dissolve in 30 cc. of water, leaving no residue. 
Reagents made from such sodium molybdate are colorless when made, and 
remain so indefinitely. Lately, I have been unable to obtain Merck’s 
molybdie acid, and have used a Baker and Adamson preparation, which is 
stated on its bottle to contain 12 to 15 per cent of ammonium nitrate. 
Reagents made from this preparation can be used fairly satisfactorily, 
though they are somewhat yellow when made and turn a deeper yellow on 
standing, probably on account of the nitric acid present. 

The great majority of the nephelometric determinations and all the ex- 
periments reported in this article were carried out with reagents made 
from the Merck preparations, and the conclusions formed in this article are 
all drawn from experiments in which the Merck preparation was used. 

Bloor, J, Biol. Chem., 1916, xxiv, 452. 

Kober and Egerer, Am. Chem. Soc., 1915, xxxvii, 2374. 
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commercially, and water. In the subsequent discussion I shall 
give the concentration of solutions in terms of per cent by weight, 
unless otherwise indicated. By a '^20 per cent solution of hydro- 
chloric acid,^' for instance, a solution, which contains 20 gm. of 
HCl and 80 gm. of water, is indicated. 

The chemically [Hire concentrated hydrochloric acid which we 
have obtained is advertised on its bottles to contain 37 per cent 
HCl. As a matter of fact, however, it has generally contained 
only about 35 p(‘r cent. Differences of this order in th(‘ concen- 
tration of hydrochloric acid used produce very marked diffc^rences 
in the character of the resulting strychnine molybdate reagent. 

One gathers from the figures given b}'^ Kober and Eg(‘rer that 
their 1 : 1 hydrochloric acid’’ w^as of variotis strengths. In 
their article, for instance, they direct that the 1: 1 HOI l)t‘ 

made by diluting 50 cc. of H(3 with a spc'cific gravity of 1.20 

to 1(X) cc. with wat(»r. On the other hand, they vStahO that 

their 1 : 1 HOI had a sp(‘cific gravity of 1 .098. If it may b(‘ sup- 

posed that the specific gravities were taken at 15°, as is custom- 
ary, the first solution would have a concentration of ov(h- 21 
per cent, and th(‘ second, of 19.5 per (?ent. If the strychnine mo- 
lybdate reagent is made up with 1 : 1 hydrochloric acid contain- 
ing 21 per cent HCl and if the determination is carried out as 
Bloor directs,^ no precipitate at all is obtained with such 
amounts of phosphate as are used by Kober and Egerer and by 
Bloor in their determinations. 

To carry out the do teiiiii nations as Bloor directs, therefore, it 
is necessary to use 1 : 1 hydrochloric acid weaker than 21 per 
cent. I have made up batches of reagent with various strengths 
of HCl ranging from about 16 to 21 per cent. The weaker the 
hydrochloric acid used, the less is the amount of the material 
precipitated from the solution of sodium molybdate in H(’l 
and water by the addition of the strychnine sulfat(‘ solution. 
Reagents made up with weak HCl are unstable in the sense that 
a precipitate fonns in them spontaneously on standing. In 
reagents made up with stronger 1 : 1 HCl more material is pre- 
cipitated when the strychnine is added, and the spontaneous 
precipitate forms more slowly. But in all reagents ^vhich can b(i 

Kober and Egortn’, ./. Am. Chem. Soc.y 1915, xxxvii, 2375. 
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used in carrying out the Bloor procedure, so far as my experience 
goes, the spontaneous precipitate does form ; it is only a question 
of its being formed more or less rapidly. Another change takes 
place gradually in all the reagents, which will lie fully described 
below. 

Reagents made up with weak hydrochloric acid tend to exag- 
gerate the difference in nephelometric value as between phos- 
phate suspensions with a given difference in density, whereiis 
reagents made up with strong hydrochloric acid tend to mini- 
mize the nephelometric differences. As examples of the truth 
of this statement, the following experiments may be given, of 
which the results are shown in Table I. 

Two reagents were made up in exactly the same way, except 
that 16.15 per cent HCl was used for one, and 19.10 per cent 
HCl for the other. Phosphate suspensions of different densities 
were then precipitated according to Bloor ’s procedure and read 
against each other, first one and then the other reagent being 
used in making the pairs of suspensions. The same pairs of 
phosphorus solutions, were used in each of the three cases in 
making up the pairs of suspensions read against each other with 
the different reagents. The same sort of statement applies to all 
the other experiments reported in this article. In each case 
given amounts of the same pair of phosphorus solutions were 
precipitated firet with one reagent and then with another, or 
first at one temperature and then at another temperature. The 
experiments, therefore, demonstrate in the strictest possible 
manner that the discrepancies between densities and nephelo- 
metric values were the result of the character of the reagent used 
or of the temperature at which the suspensions were made. They 
ooiild not have been due to any accidents or mistakes in making 
up the phosphate solutions. 

The results given in Table I bring out two interesting points. 
These points have been confiimed in other experiments which it 
has not been thought worth while to publish in detail. For 
convenience in discussing them, it may be said that by the theo- 
retical nephelometric readings is understood readings which 
would indicate an exact proportionality between the densities of 
the suspensions and their nephelometric values, these tenns being 
used in the senses indicated on pages 333 and 334. 
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Perhaps th(^ most important point brought out in Table I is 
the fact that the differences in nephelometric value may be 
either greater or less, than the differences in density. When the 
0.000095 and 0.000114 per cent solutions arc precipitated with 
th€^ reagent containing weak HCl, the difference in nephelometric 
value is exaggerated somewhat beyond the theoretical; whereas, 
in the case of the 0.000133 and 0.000152 per cent solutions pre- 
cipitat(Hl with th<' other reagent, the difference in nephelometric 


TABLE I. 



P ooncentra- 
tiona in 
aolutiouB from 
which suapen- 
aiona wore i 
made 

Ratio between 
denaities of 
paira of 
anspenaions. 

Nephelometric 

readings. 

j 

Hatio between 
nephelometric 
valuea of 
pairs of 
suspensions, 
t 

made up with 
strong TKd. 

per cent 

JO (KKJOOr. 
jb.ooo'iS 

0 83 

mm. 

30 0 

2r)T2 • 

0.S4 

Reagent made up witii 
weak HCl, 

. \0.()(k)114 

0.83 

30.0 

23 . 0 

1 0.80 

Reagent made up with 
strong HCl. 

fO (K)0n4 1 
lo.ouom 

0.80 

30.0 

26”9 

0.90 

Reagent made up with 
weak HCl. 

(0 000114 

to.oooi;^! ^ 

0 80 

i 

30 0 

24.0 

0.82 

Reagent made up with 
strong IK'l. 

fo (Kwias 
\b.00bl'62 

0,87 

28.9 

0 90 

Reagent made up wdth 
weak H(?]. 

/ » 

\ 0. 000152 

i 

0.87 

80 0 j 

20".4 

0.88 


value is very markedly minimized. A formula totally different 
from that given by Kober and Egerer would be needed to cover 
the former of these two cases. It is true that the hydrochloric 
acid used was considerably weaker than that recommended by 
these authors; but, in the latter of the two cases, where the hydro- 
chloric acid used approached closely to one of the strengths 
recommended by them, the difference in nephelometric value 
was eonsidefrably more minimized than it should have been 
according to their formula. It is to be noted that the reatiings 
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obtained with the reagent containing less HCl are, on the aver- 
age^ closer to the theoretical than the others. On the whole, I 
have found it better to make up my reagents with 1 : 1 hydro- 
chloric acid which contains less than 19 per cent of HCL 

Table I also shows that, other things being e<pial, the difference 
in nephelometric value between a pair of suspensions is more 
greatly minimized the greater their absolute density. This 
point is very well brought out in the case of the three pairs of 
suspensions precipitated by the reagent containing the strong 
acid. Where the densities are both low, the nephelometric 
readings are very near th(^ theoretical; the nephelornoti’ic dif- 
ferences an^ somewhat minimized in the intermediate pair of 
suspensions; and very markedly so in the denscist pair. 

The situation illustrated in Table I may he summed up by 
saying that if the densities of phosphate suspensions are to be 
calculated from their nephelometric values by means of mathe- 
matical formulas, a different formula will be required for every 
different reagent used and for every different density of standai’d 
suspension. 

If the HCl-Na 2 Mo ()4 solution contains a still less concentra- 
tion of HCl when the strychnine sulfate is added to it in making 
up the reagent, the differences in nephelometric value as l)etween 
phosphate suspensions of moderately different densities may be 
much more exaggerated than in the examples which have just 
been given. Following a suggestion of Dr. Bloor, I made up a 
batch of reagent in a manner quite different from that which 
has been used as a matter of routine. In this case 15 gm. of 
NiiaMoCh were dissolved in 30 cc. of H 2 O, and there were then 
added 230 cc. of 19.10 per cent H(]l, 650 cc. of H 2 O, and 20 cc. 
of saturated strychnine sulfate solution. In making phosphate 
suspensions with this reagent 10 cc. of the dilute phosphate solu- 
tion were added directly to 30 cc. of the reagent. The results 
are given in Table II. 

The character of the reagent may also be markedly influenctxl 
by the temperature at which the HCl-Na 2 Mo 04 solution is pre- 
cipitated by adding the strychnine sulfate solution. If this pre- 
cipitation is carried out at a high temperature, the resulting 
reagent will exaggerate the differences in nephelometric value 
as between phosphate suspensions of different densities. Table 
III shows the high degree to which this exaggeration may attain. 
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In all the reagents with which I have had any experience, a 
precipitate tends to be foimcd gradually, and another change 
goes on. This latter change consists in a growing tendency to 
minimize the difference in nephelometric value as between phos- 
phate suspensions of diff(‘rent densities. All iny reagents have 
tended to reach a state as a result of which Ifhe phosphate sus- 
pensions precipitated by them show no differences in nephelo- 

TABLE II. 



J’ concontm- 
iions ill 
solutions from 
wliich suspeti- 
sioiiH wore 
iiiuiio. 

Ha tif) between 
densities of 
pairs of 
8Us;iensio(is. 

Nephelonu*trir 

reudinf^s. 

Hatio between 
nephelometric 
values of 
pairs of 
suspensions. 


Her cent 


mm. 


Poagent made up as 
described (f>, 340). 

j O (KKKlOf) 
M)'(K)()il4 

0.8,3 

20.0 

1 

0.00 

Kcageiit made up by 
roufiiie method- 

|0 0lK)00r> 
|0.0(H)il4 

0 

3() 0 

20^8 

0.86 


TABLE III. 


i 

l* concentra- 
tions in 
solutions from 
which suspen- 
sions were 
i luude. 

Ratio betwotm 
densities of 
pairs of 
suspensions. 

1 

Nephelometric 

reiuliriRs. 

Rntio between 
nephelometric 
values of 
pairs of 
suspensions 



per cent 


m m . 


Peagent precipitated 
at about 45*^. 

1 () (K)000,7 
\0. 000114 

0 83 

30 0 

1S~0 

0.(30 

Reagent preeipi tat ed 
at room tempera- 
ture (about 20®). 

1 

1 

|o ooo()or> 

0.83 

30 0 

0 86 

1 

i 


25:’s 


metric value, oven though the solutions from which they were 
made contained quite different concentrations of phosphate. 
This change often goes on slowly; the discrepancies betweim the 
actual and the theoretical nephelometric readings may not reach 
a stage where they destroy the value of the determinations for 
several weeks. 

My experience with the strychnine molybdate reagent may be 
summed up as fallows: The greater the concentration of hydro- 
chloric acid present when the strychnine sulfate is added, the 
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greater will be the amount of material precipitatf^d at that time 
and the greater will be the stability of the reagent. Reagents 
made up with strong hydrochloric acid, however, tend to mini- 
mize the differences in nephelometric value as between phosphate 
solutions of different densities; none of the reagents that are serv- 
iceable when used*in the procedure described by Bloor are entirely 
stable; they all tend to form a spontaneous precipitate and to 
reach a state in which they show no difference in nephelometric 
value as between phosphate suspensions of different densities. 

The temperature at which the strychnine sulfate is added to 
the Na2Mo()4-HCl solution in making up the reagent may have 
a considerable effect on its character. 

There is still another factor which may cause a lack of pro- 
portionality between differences in the densities of suspensions 
and the differences in their nephelometric values; namely, the 
temperature at which the phosphate suspensions are precipitated. 
It is, of course, to be expected that if phosphate suspensions are 
made from equally concentrated phosphate solutions but at 
different temperatures, they will have different nephelometric 
values. But the point to be made here is somewhat different 
from this. In this case, two suspensions are made from solutions 
of different concentratiops, both at a given temperature. LaUu* 
two' other suspensions ai’e made from the same two solutions, 
but both at some other temperature. Under such circumstances 
it will be found that the nephelometric difference between the 
suspemsions is minimized at the higher temperature. Table IV 
gives an example of the kind of results that are obtained in this 
way. 

Though the results which have been reported contribute; little 
to the theory of nephelometric values, they show that in making 
such determinations it is not sufficient to assure oneself that the 
standard and test solutions are precipitated at the same time 
and under the same conditions. Even though these require- 
ments may be ideally realized, the relation between difference in 
density and difference in nephelometric value may vary widely 
under the influence of a number of factors, of which the most 
important is the chaiacter of the reagent used. To make any- 
thing like a complete study of these factors would require great 
care and much time, for they react on each other in , such a way 
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as to make it very difficult to disentangle their individual influ- 
ences. But by taking certain precautions, the nephelometric 
method can be used in a practical way, even with our present 
scanty knowledge regarding it. 

It has been a practically invariable rule in my experience that, 
whatever the relation between difference in density and difference 
in nephelometric value, less dense solutions read against denser 
ones in the nephelometer always show a lower nephelometric 
value. One method, therefore, of escaping from the difficulties 
which have been described is to have on hand enough of the 
test solution for several determinations. It is well also to have 
a series of standard phosphate' solutions of graded concentrations, 
the range of which should extend from the lower to the upp<^r 


TABLE rv. 



P concontra- 
tionn in 
aohjtiorm from 
wiiich BU8j>eu- 
eiona were 
luaclc. 

Hatio between 
eJenaities of 
pairs of 
Biuipenaiona. 

1 

Nephelometric ! 
readings. j 

Itatio between 
iiephe'omotrie 
i values of 
pairs of 
suRpensiouB. 

Suspensioiifs procipi- 
tated at about 28®. 

per ami 

(0 (KOlO 
\0. 00027 

0.70 

mm. 

30.0 

23.8 

0.70 

♦SuspeiiKioiis precipi- 
tated at about 7®. 

j'qj)0()19 

\ 0.60627 

0.70 

30_0 

2.1.8 

0.73 


limit of the range within which the concentration of the t-tist 
solution might lie. The test is first read against that standard 
which is guessed to be nearest to it; and, under ordinary cirtaim- 
stances, this preliminary reading should make it possibles to pick 
out a standard for a second confirmatoiy reading, whose differ- 
ence from the test will lie very close to the limits of accuracy 
attained in any ordinary chemical work. 

It is necessary also, however, to test the reagent fix'quently by 
using it to read two moderately different standard solutions 
against each other. For if, as is commonly the case ^ith old 
reagents and with reagents made up with strong hydrochloric 
acid, the differences in nephelometric value are strongly mini- 
mized, the experimenter may be deceived in the preliminary test 
into thinking that the standard and test solutions have nearly 
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equal concentrations, when this is not really the case at all In 
my experience, it has been necessary to test the reagent in the 
manner described at least every other day. 

It is obvious that when the determinations are carried out as 
described above, one is more Jikely to be deceived by a reagent 
that minimizes the nephelometric differences than by one that 
exaggerates them. But reagents which greatly exaggerate the 
nephelometric differences are likely to be very unstable. In my 
experience those reagents are likely to be most serviceable which 
give nephelometric readings about equal to what they should be 
theoretically. This condition is approximately attained for the 
Bloor procedure in summer (in the neighborhood of Washington) 
by using a 1: 1 hydrochloric acid which contains 19 per cent HCL 
When the temperature is lower, I have found it advantageous to 
use a 1 : 1 hydrochloric acid which contains from 17 to 18 per 
cent HCI. 

My experience with the nephelometric method began with a 
period of some weeks which I spent in learning and practising it 
under Dr. Bloor 's direction, and I take this opportunity of ex- 
pressing my sincere thanks for his kindness and very essential 
help and advice. 



NOTE ON THE PREPARATION OF GULONIC LACTONE. 

By F. B. La FORGE. 

{From the Carbohydrate Laboratory, Bureau of Chemistry, United Slates 
Department of Agriculture, Washington.) 

(Received for publication, August 25, 1918.) 

In synthetic investigations in the sugar group, it is often neces- 
sary to prepare one sugar from anpther having a lower number 
of carbon atoms. 

To attain this object, only one procedure has been found suc- 
cessful; namely, the cyanhydrin method of Kiliani and Fischer. 
In the practise of this synthesis, the sugar in question is brought 
into contact with about the theoretical amount of hydrocyanic 
acid in aqueous solution, a small amount of ammonium hydroxide 
is generally added as a catalytic agent, and th(^ reaction is allowed 
to proceed for many hours or days. The resulting solution is 
then boiled with an excess of a barium hydroxide to effect the 
saponification of the two nitriles formed by the addition of the 
hydrocyanic acid to the sugar, and at the same time to expel th(^ 
ammonia resulting from the saponification. The two epimeric 
acids resulting from this reaction are present in the solution as 
barium salts and it is then necessary to remove the base by 
means of sulfuric acid, after which the acids are isolated as lac- 
tones, salts, or other derivatives. The corresponding sugars 
are obtained by reduction of the lactones of the acids. 

Although this method always produces good results, it is never- 
theless possible in its application in certain instances at least, to 
introduce very marked improvements. Such an instanc(' is for 
example in the preparation of gulonic lactone and, hence of 
gulose, from xylose. 

The simplified method about to be described, makes possible 
the elimination of the operation of boiling with barium hydroxide; 
the saponification of the nitrile of gulonic acid being effected with 
a slight excess of sulfuric acid. The resulting ammonium sulfate 
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is allowed to remain in the solution and in no wise interferes with 
the crystallization of the lactone, which takes place on concen- 
tration of the reaction product. 

It became evident from the experiment described below, as 
was shown by polarimetric readings, that in the preparation of 
gulonic lactone only about 6 hours are required for complete 
reaction between the xylose and hydrocyanic acid. 

If the pure sugar was used for the synthesis, very little color 
developed during the reaction and the solutions were finally only 
light yellow. The yield of chemically pure, recrystallized gulonic 
lactone amounted to 55 per cent of the weight of the xylose 
employed. 

There is no doubt that the method could be applied in the prep- 
aration of glucoheptonic lactone from glucose and, with proper 
modifications, in other instances. In case the lactones in ques- 
tion were soluble in alcohol, for example, the ammonia could b(‘ 
removed as the chloride by means of this solvent. 

Preparation of Gulonic Lactone , — 150 gm. of xylose were dis- 
solved in 300 cc. of water and 30 gm. (slightly more than th(‘ 
equivalent amount) of hydrocyanic acid were added to the solu- 
tion. Upon addition of a few drops of ammonium hydroxide, 
reaction began as was evident from the increase in temperatur(‘ 
of the solution. A polariscopic reading taken after about 25 
minutes showed a rotation in a 1 dm. tube of 4-2.5®; showing 
that even after that short time, the reaction was very far ad- 
vanced. After four hours, during which time the temperature of 
the solution was not permitted to go above 35°, a second reading 
showed a rotation of 4- 1.2® and this value remained practically 
constant during the following 16 hours. At this stage 1 cc. of 
the solution, after boiling with a few drops of concentrated h}'^- 
drochloric acid, gave a reduction of Fehling^s solution, corre- 
sponding to 0.1200 gm. of CU 2 O, showing that 90 per cemt of the 
reducing sugar had disappeared. For subsequent preparations, 
6 hours were shown to be sufficient time for the addition of hydro- 
cyanic acid to xylose. 

Slightly over one equivalent (55 gm.) of sulfuric acid dilutcMl 
with a small amount of water was added to the soliftion, whicli 
was then concentrated at once to a thick syrup. Crystallization 
began almost immediately, but the mass of syrup and crystals 
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was allowed to stand over night, after which the crystals were 
filtered off on silk with suction. The crude product was nearly 
pure white and the mother liquor only slightly colored. Th(‘ 
presence of ammonium sulfate does not interfere with the isola- 
tion of the idonic acid which may be accomplished by the ben- 
zaldehyde method.^ 

The crude gulonic lactone may be recrystallized from water, in 
which case the mother liquor must be concentratcid to rccovei* the* 
dissolved portion, or from 60 per cent alcohol. The yield of 
recrystallized material amounts to 55 to 00 per cent of th(i weight 
of the xylose used. 

‘ V’an li'koiistoin, W. A., and Lobry d(‘ Bruyn, A., Rn', lr<u.\ rhim. 

1809, xviii, 805. 




THE DETERMINATION OF CARBON DIOXIDE IN 
CARBONATES. 


By DONALD D. VAN SLYKE. 

(From the flonpilal of The Jiovkef viler Imtilute for Medical Research.) 

(Received for publication, September IG 1918.) 

The method described })elow was de\dsed primarily for use in 
determination of the (carbonate in bones which had been dried 
and pulverized, but not awshed. This material offered peculiar 
difficulties to analysis by the usual methods. The method adopted 
app('ars to be applicable to all carbonates, soluble or insoluble, 
in th(' absence of acids, such as hydrogen sulfid(s that anj highly 
volatile from wafer solution. The principle of rapid extraction 
of carbon dioxide from solution by means of reduced pressure, 
utilized in the author^s method for determining bicarbonates in 
blood* has been combined with the familiar precipitation of car- 
bonic acid by standard barium liydroxide solution and titration 
of the excess of hydroxide, Undc| the reduced pressure the 
transfer of carbon dioxide to the barium hydroxide vSolution can 
bo completed in 3 minutes, and the fact that the entire process is 
carried out in a single closed vessel practically excludes error from 
loss of carbon dioxide. 

The carbonate, either pulverized or in solution, is placed in the 
bottom of a tube 20 to 25 mm. in diameter which is placed in a 
250 ec. suction flask (Fig. 1) containing an excess of 0.1 n barium 
hydroxide. When pulverized carbonate is weighed into the tube, 
care must be taken that the entire amount is placed at the bot- 
tom, as portions sticking to the walls may fail to be decomposed 
by the acid added later. Our practice has been to weigh the tube, 
slip into it a roll of glazed paper to protect the walls, pour in the 
substance, and reweigh the tube after withdrawing the paper. 
When the tube is in place (Fig. 1), the flask is evacuated to a pres- 
sure of 50 mm. or less, and the outlet is closed with the screw 
clamp. An excess of normal hydrochloric acid, usually about 5 

i Van Slyke, D. D., /. Biol Chem., 1917, xxx, 347. 

351 



352 




Donald D. Van Slyke 


353 


cc., is admitted slowly from the dropping funnel. Som(^ of the 
solution is left above the stopper to assure its remaining air-tight. 
When the rapid evolution of carbon dioxide has ceased, the solu- 
tions are both agitated by a rotary motion for 3 minutes. In the 
analysis of sodium or calcium carbonate, this period has proved 
sufficient for complete transfer of carbon dioxide from the inner 
tube to the barium hydroxide solution. If the solution is not 
agitated, however, so that the surface of the barium hydroxide 
solution is continually renewed, the flask may stand for an hour 
without complete absorption of the carbon dioxide. 

In the analysis of leones, which have been pulverized but not 
ashed, time must be allowed for the acid to penetrate into tlu' 
particles, which are permeated with fat and protein. In this 
case it has been found necessaiy to allow at least 2 hours instead 
of 3 minutes for complete evolution and absorption of carbon 
dioxide. In routine analyses we have made a practice of allowing 
5 hours. The solutions in the flask are stirred by rotation occa- 
sionally during this period, and for 3 minutes at the end of it . 

After the reaction is completed the vacuum is released, and th(' 
barium carbonate is removed by filtration with a Gooch crucible, 
flask and crucible being rinsed with 3 portions of about 20 cc. 
each of water. The filtrate in the receiving suction flask is ti- 
trated against 0,1 n hydrochloric acid using phenolphthalcin as 
indicator. 

EXPERIMENTAL, 

Sodium Carbonate . — A sodium carbonate solution was prepared 
containing 10 gm, of Merckxs anhydrous Na 2 COi per 100 cc. 
Titration with methyl orange indicated that the solution was 
of the calculated concentration. 1 cc. portions, measured to 
within 0.001 cc. with an Ostwald pipette, required 18.93 and 
18.87 cc. of 0.1 N HCl, the calculated amount being 18.85. 

Calcium Carbonate . — The calcium carbonate used was a Bakei 
and Adamson^s c. p. precipitated. To check its purity varying 
amounts were dissolved in excess 0.1 n hydrochloric acid, the 
carbon dioxide was expelled by boiling, and the excess acid ti- 
trated back with 0.1 n barium hydroxide, using alizarin sulfonate 
as indicator. The 0.1 n acid had been prepared by the method 
of Hulett and Bonner.® 

* Hulett, G. A., and Bonner, W. D., J. Am. Chem. Soc., 1909, xxxi,39(). 
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TABLE I. 


CaCO» 

0.1 N HCl 

0.1 N Ba(OH)t 

0.1 N HCl neutralised ; 
by CaCOj. 

CaCO* 

in preparation 
used. . 

Observed. 

Calculated. 

fim. 

0.4424 

0.2060 

0.2105 

ce. 

100.00 

50.00 

50.00 

ee. 

12.20 

9.29 

cS .36 

ec. 

87.80 

40.71 

41.64 

• ce. 

88.48 

41.20 

42.10 

percent 

99.3 

98.8 

98.9 

Average 

99.1 



In accordance with the above results, the weights of calcium 
carbonate taken in the following analyses were corrected by mul- 
tiplication by the factor 0.991, and the weights given in Table II 
are so corrected. 


TABLE n. 


Determination of Carbon Dioxide in ^^odium Carbonate Soh/iion and in 
P'idverized Calcium Carbonate. 


NaaCOj (in 
10 per cent 
solution). 

CaCOs 

0.1 N 
Ba(OH)s 
in flask . 

0.1 N HCl to 
titrate excess 
Ba(OH)». 

0.1 N 

Ba(OH)t 
precipitated 
by CO>. 

CO* 

found. 

COt 

present. 

gm. 

gm. 

cc. 

ce. 

ce. 

gm. 

gm. 

0.100 


29.00 

10.20 

18.80 

0.0414 

0.0415 

0.100 


29.00 

10.15 

18.86 

0.0415 

0.0415 

0.100 

— 

2 t ).00 

10.20 

18.80 

0.0414 

0.0415 

j 

0.0730 

20.28 

5.55 

14.73 

0.0324 

0.0321 

~ 

0.0909 

20.28 

2.00 

18.25 - 

0.0402 

0.0400 

1 

0.1652 

40.56 

7.50 

33.06 

0.0727 

0.0726 


0.1709 

40.56 

6.20 

34.36 

0.0756 

0.0752 

— 

0.1764 

40.56 

5.45 

35.11 

0.0773 

0.0778 


The accompanying paper by Dr. Goto gives the resiilts obtain- 
ed in bone analyses. 



MINERAL METABOLISM IN EXPERIMENTAL ACIDOSIS. 

By KlNfiO C.OTO. 

{From Ihe Hospilal of The Rockeftihr Imiiiutc for Medical Research.) 

(Ucciuved for publioatiori, Sejitomber IG, 1018.) 

No dotaiU'd study of the mineral changes in th(' vsofi tissues 
and skeleton r(‘spectiv(dy, caused by either clinical acidosis or 
prolonged acid fe('ding, has been published so far as we have 
Ix^en abh' to asccu'tain. We have only the observation which 
(Jorhardt and Bchlesinger (1899) n^port to havi' lx.'en made by 
ven Frerich, that the sk(*letons of diabetics dying in coma appear 
to be atrophied. Quantitative work on the subject app(‘ars to 
have be(‘n limite d ehi(dly to a study of excretion. 

Knowl(xlg(^ d(‘rived from direcft analysis of the body itself has 
bcxai limited to the l)lood. Walter (1877) showed that entrknee 
of acids into tla^ circulation caiuscs an immediate reduction of 
the blood bicarbonate, and Palmer and Van Slyk(‘ (1917) have 
found that th(' bicarbonate concentrations of tlu' body fluids in 
general parallel those of the blood plasma, so that depletion of 
bicarbouati^ in the blood pljisma indicates a depletion of the 
bicarbonate st(»res throughout th(‘ body. Whevn such a bicar- 
bonate deficit continues, some depletion of the other alkali re- 
serves might also be expected, and the literature contains a con- 
siderable amount of metabolic work which indicates that it 
occurs. 

Ash analyses indicate that the main reserves of alkali aside 
from the bicarbonates ar<‘ the calcium carbonate and the much 
greater amount of calcium phosphate in the bones, and the potas- 
sium and sodium phosphates of the tissues; i.c., the alkali reserves 
aside from the carbonates are chiefly phosphates. It would 
therefore be expected that if the reserves of either the skeleton 
or soft tissues are drawn upon to a considerable extent, an in- 
creavsed excretion of phosphates would result, chiefly sodium and 
potassium phosphates if the source were the soft tissues, calcium 
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phosphate if it were the bones. Increased phosphate excretion 
in the urine has in fact been reported in diabetic ketonuria and 
in experimental hydrochloric acid feeding in man and in animals. 

In diabetic ketonuria, however, it is uncertain whether the 
increased phosphoric acid excretion is due to lo^s of alkaline 
phosphates from the body, or merely to combustion of increased 
amounts of food and body proteins. Gcrhardt and Schlesinger 
(1899) as evidence that there is an excretion of P 2 O 6 in excess of 

P O 

that accountable for by protein catabolism, report a ratio 
18""20 

of TTjTp in the urines of two diabetics with heavy ketonuria. 
lUU 

The normal ratio under similai* conditions was estimated at 


12 5 

iob* sodium bicarbonate to the diabetics reduced it to 

Runipf (1898) and Mandel and Lusk (1904) report in a 

JUU 

4 P O 

fasting pati^iit with severe diabetes ratiexs similar to those 

of Gerhardt and Schlesinger. Folin and Shaffer (1902), how- 

18—20 

ever, found similar ratios, common in normal adults. 


Consequently, as stated above, the data at hand do not tell us 
whether or not the alkaline phosphates of the body are depleted 
in diabetic acidosis. 

Increased excretion of calcium and magnesium in the urine has 
been reported in diabetic acidosis by Gerhardt and Schlesinger 
(1899) and by Tenbaum (1896). Lack of complete intake and 
outgo data, however, make it impossible to state whether the 
figures indicate a real loss of bone substance. 

The metabolic experiments with acid feeding in the literature 
include observations more comprehensive than were made in the 
above cited studies on diabetics. Steenbock, Nelson, and Hart 
(1914) found that feeding hydrochloric acid to a calf increased 
the urinary phosphoric acid, but that even large doses showed no 
t/ondency to produce a negative phosphate balance. When the 
maximum dose of 400 cc. of 1 n HCl per day was given, -a nega- 
tive calcium balance was produced. The authors conclude that 
the acid attacked only the calcium carbonate, not the calcium 
phosphate of the bones. 
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Fitz, Alsberg, and Henderson (1907) observed in the urine of 
rabbits, which received dilute hydrochloric acid daily, a marked 
increase of phosphoric acid excretion, followed by a decrease,- 
presumably when the readily available phosphates were ex- 
hausted. In some cases the excretion rose again before death. 

Givens and Mendel (1917) examined the balance of nitrogen, 
calcium, magnesium, and phosphorus after the administration of 
base and acid in the dog. The phosphoius balance showed no 
significant effect and was always positivf*, though extremely 
variable quantitatively. The figures for both the urinary and 
the fecal phosphorus were so variable that neither could be used 
as an index of any influence exertt^d by sodium bicarbonate 
administration. St.ehle (1917) states that the administration of 
hydrochloric acid by mouth to the dog causes an increased ex- 
cretion of calcium and magnesium as well as of sodium and 
potassium. 

Except for the results of Givens and Mendel (1917, 1918) 
with dogs, the above literature indicates that Stofficient acid 
heeding produces in various animals an increased excretion of 
phosphate in the urine. The results of Fitz, Alsberg, and Hen- 
derson (1907), who followed the daily P 2 O 5 excretion of rabbits 
fed with HGl for W(‘eks until death resulted, are particularly 
significant. 

In our (experiments the chief object has been to ascc'rtain the 
(‘ff(*ct of acid fi'eding on the mineral composition of the bom's 
and muscles K^spectively; but we have followed th(^ phosphat(‘ 
excr(»tion in the urines of our rabbits in order to make c(‘rtai)i 
that th(^ animals wei'e actually responding with increased phos- 
phate excretion in the manner to be expected from the 
ments of Fitz, Alsberg, and Henderson. The results W(u*(' uni- 
formly confirmatory. 

There arc however, two possible explanations of th(^ incr(‘as(‘d 
phosphate excretion in the urine caused by acid fecxling. Th(' 
increased urinary phosphate may be drawn from the r(\serv('s of 
the body to neutralize the acid, or it may Ix^ due nu'rcdy to 
increased absorption of calcium and magnesium phosphates of 
the food transfonned in gi’eater amount into soluble forms by the 
ingested acid in the alimentary tract. Wiirtz (1912) it is true 
failed to find that feeding hydrochloric acid to rabbits had any 
effect on th(dr output of P2O5 in cither urine or h'ces. The 
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amounts , of acid which he fed were, however, only about one- 
aeventh as great as in the experiments of Fitz, Alsberg, and 
Henderson (1907), and for this reason his negative results are 
incoQclusive. In order to ascertain whether the amounts of acid 
fed in our experiments influence the distribution of excreted 
phosphate between feces and urine, we have in some cases deter- 
mined the excretion in both. The acid feeding showed no defi- 
nite influence on the distribution. The increased phosphate 
excretion in the urine was not accompanied by a decrease in the 
feces, and consequently it appears that the urinary increase in 
our experiments indicates a genuine negative balance in phos- 
phoric acid — a conclusion which is confirmed by the tissue anal- 
yses. These results lend added force to the conclusions of Fitz, 
Alsberg, and Henderson (1907), that their data indicated a utili- 
zation of body phosphates as alkaline reserve to neutralize invad- 
ing acids and turn them into excretable salts. 

^ EXPERIMENTAL. 

/. Bffed of Acid Feeding on Phosphate Excretion in Urine and 

Feces, 

As experimental animals, rabbits were chosen in preference to 
dogs. The ammonia-forming power of dogs enables them to 
neutralize great amounts of acid wi#iout drawing upon the body 
reserves of mineral alkali. Rabbits can form ammonia much 
less rapidly (Walter, 1877), and can therefore be expected to 
neutralize unusual amounts of strong acid only by means of the 
reserves of alkali in the body fluids, tissues, and skeleton. 

The rabbits were kept in metabolism cages and were ofFer«Ml 
daily 65 gm, of bread and 300 gm. of cabbage. They did not 
usually consume all that was* given, as shown by Table VII. 
The acid wa? given in 0.25 n concentration by stomach tube, the 
amounts varying from 25 to 75 cc. daily. The conditions approx- 
imate those of Fitz, Alsberg, and Henderson (1907). 

The urine was collected daily at 9 a.m. from Monday to Satur- 
day, and kept in a refrigerator; the urine for the 5 week days was 
mixed and the total phosphoric acid estimated by titration with 
uranium nitrate. 



Kingo Goto 


359 


Feces were collected daily at 3 p.m. before giving food, and 
the corresponding amounts of food and feces noted. Feces for 
5 days, from Monday to Saturday, were mixed in one dish and 
ashed. The ash was dissolved by boiling with hydrochloric acid, 
and the solution was filtered into a 250 cc. volmnetric flask and 
diluted to the mai’k. Phosphoric acid in 25 cc. portions was 
precipitated as molybdate and weighed as Mg 2 P 207 . 

Results . — The rabbits show('d a poor i’esistanc(^ to hydrochloric 
acid, most of them dying within 1 or 2 weeks. Among the many 


TABLE I. 

Phosj)?iorus Excretion in Urine of A'oririal liahhits. 


Date of 
experiment. 

PO 4 in urine per day. 

Rabbit 

vrri 

(body wt. 
1,600 gm.). 

Rabbit X 

(body wt. 1,550 gm.). 

i Rabbit 
XV 

[(body wt. 
1,500 gm.). 

1 

Rabbit XVI 
(body wt. 1,400 gm.) 

wA. 

1st 

211(1 

days 

1-6 

gm. 

0.a39 

gm. 

0.057 

gm. 

0.037 

gm. 

,0.032 

8-13 

0.035 

0.044 

0.060 

1 

0.032 

3rd 

15-20 

0.043 

0.074 

Mixed with fece.s. 

0.017 

0.086 

Mixed with feces. 

4th 

22-27 

0 033 

0.041 

0.024 

0.020 

5th 

;«)-34 i 
(4 days) 


• 


0 003 

Average .. . 

0.0.38 

0.047 

(Ist, 2nd, 4th weeks.) 

0 0.30 

0.037 

(1st, 2nd, 4th, 5th 
weeks). 


rabbits, which were given 50 cc. of 0.25 n HCl daily from the 
beginning of the experiment, only Rabbit III lived more than 
2 weeks. As the object of the experiment was to see the effect 
of continued acidosis, fiossibly similar to diabetic acidosis, upon 
the metabolic changes of the body tissues, it was intended to keep 
the rabbits at least 4 weeks. Therefore, 25 cc. doses of 0.25 n 
HCl were given to several of the rabbits. Of these, Rabbit V 
lived a long time and received increased doses of acid. Rabbits 
XI and XII received 30 oc. of 0.25 N HCl fiom the 2nd week. 
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Excretion of PO 4 in Urine of Rabbits Fed with HCl. 


Acid-fed Rabbit Vll. 

Remarks. 

25 cc. 0.25 N 
HCl daily. 

25 cc. 0.25 N 
HCl daily. 

25 cc. 0.25 N 
HCl daily. 
Died 17 th 
day. 




Wt.of 

rabbit. 

il 

! 

8 

CnI^ 




PO« 

in urine 
per 
day. 


0.082 

d 




Date of 
experiment. 

days 

1- 3 

5-10 

12-17 




tck. 

1st 

a 

3rd 




Acid-fed Rabbit XL 

Remarks. 

25 cc. 0.25 N 
HCl daily. 

30 cc. 0.25 N 
HCl daily. 

30 cc. 0.25 X 
HCl daily. 

30 cc. 0.25 X 
HCl daily. 

30 cc. 0.25 X 
HCl daily. 

Died 35th 
day. 

Wt.of 

rabbit. 

£ § 

1 

1 

s 

g 



1 9 
o 

(B 

© 

<o 

9 

d 

CM 

© 

© 

0.017 


Acid-fed Rabbit XIL 

Remarks. 

25 cc. 0.25 X 
HCl daily. 

30 cc. 0.25 X 
HCl daily. 

30 cc. 0.25 N 
HCl daily. 

Died 22nd 
day. 



Wt. of 
rabbit. 

i| 

o 

9. 

1 





i § 

d 

o 

d 



> 

1 

1 

1 

Remarks. 

25 cc. 0.25 X 
HCl daily. 

25 cc. 0.25 N 
HCl daily. 

25 cc. 0.25 N 
HCl.daily. 

35 cc. 0.25 X 
HCl daily. 

50 cc. 0.25 X 
HCl daily. 

75 cc. 0.25 X 
HCl daily. 
Died 38th 
day. 

Wt.of 

rabbit- 

6 ^ 

5 

! 

8 

t-T 

1 

5 

11^ 

o 

d 

§ 

d 

d 

d 

d 

'sl 

5| 

1 T , 

CO 

ob 

I 


1 

S . ■■■ 

tck. 

1st 

2nd 

'H 

CO 

•5 1 rS 

1 »o 

•5 ' 

i CD 
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I 

i Rabbits XX and XXI received 30 cc. of 0.25 n HCl from the be- 
: ginning of the experiment, and lived less than 3 weeks, but were 
examined to ascertain the effect of the shorter period of acid 
feeding. 

Four nonnal controls of almost similar weight showed an 
average daily PO 4 excretion of 0.036 to 0.047 gm, (Table I). 


TABLE IV, 

Phosphorus in BWes of Normal Rabbits. 



Date. 

PO4 per day. 




Rabbit XV. 

Rabbit XVI. 

wk. 


days 

mg. 

mg. 

3rd 


15-20 

12.5 

38.0 

4th 

22-27 . 

40.7 

87,5 

5th 

30-34 


05,0 


TABLE V. 

Phosphorus in Feces of AchUFcd Rabbits. 


/ 

Date of experiment. 

P 04 per day. 

Rabbit XI. 

Rabbit XII. 

Rabbit XX. 

Rabbit XXr. 

wk. 

days 

mg. 

mg. 

mg. 

mg. 

1st 

1-6 



39.(5 

56,9 

2nd 

8-13 



49.5 


3rd 

15-20 

120 

153 



4th 

22-27 

112 




5th 

30-34 

i 

2(5 





Of the experimental rabbits, Nos. Ill, V, VII, IX, XI, XX, 
and XXI excreted more phosphate even in the 1st week than the 
controls (Tables II and III). Rabbit XII did not show the 
increased excretion in the let week, but did show an excessive 
excretion in the 2nd and 3rd weeks. Rabbit XI showed a nor- 
mal excretion in the 3rd week, followed by diminished excretion 
in the 4th and 5th weeks. Rabbit V also showed a normal 



Kingo Goto 


363 


TABLE VI. 


Diet of Normal Kabhit.s in Which Phoaphorir. Acid of Fecen H'«.v Determined. 


Date of experiment. 

Rabbit XV. 

Rabbit XVI. 

Broad. 

Cabbage. 

Bread. 

Cabbage. 

wk. 

days 

gm. 

gm. 

gm. 

gm. 

iJrci 

15-16 1 

()5 

300 

65 

300 


16-17 

65 

285 

47 

235 


17-18 

50 

187 

52 

200 


18-16 

27 

121 

57 

270 


16-20 

37 

130 

52 

202 

4 th 

22-23 

' 45 

243 

48 

2,33 


23-24 

.58 

223 

58 

:m 


24-2“) 

47 

193 

,50 

300 


25-26 

61 

220 

54 

222 

• 

26-27 

— 

— 

— 

— 

r>(h 

30-31 

— 

— 

58 

300 


31-32 

— 

— 

59 

.300 


32-33 



43 

172 


33 34 

— 

— 

46 

154 


TABLE Vll. 


Diet of Aeid-Fed ItahbitH m Which Phoitphoric Acid of Fecea W av Determined . 


Date of 

Rabbit XI. 

Rabbit XII. 

Date of 

Rabbit XX. 

j Babbit XXL 

oxrwrinient. 

Brea<l 

Cab- 

bage. 

Bread. 

Cab- 

bage. 

experiment. 

Bread 

Cab- 
bage . 

luivad 

Cab- 

bage. 

v>k. 

days 

gm. 

gm. 

gm. 

gm. 

tvk. 

days 

fftn. 

gm. 

gm. 

gm. 

.3rd 

15-16 

6,5 

275 


300 

Ui 

1-2 


300 


;^K) 


16-47 

65 

229 

42 

2.39 


2-3 


:m 


245 


17-18 

53 

166 

56 

200 


WA 

40 

200 


1,57 


18-19 

48 

193 

41 

268 


4-5 

54 

.3(X) 

40 

126 


19-20 

49 

148 

38 

171 


5-6 

38 

300 

31 

98 

4fch 

22-23 

38 

281 



2nd 

8-9 

16 

226 




23-24 

47 

204 




9-10 

45 

293 




24-25 

12 

107 




10-11 

22 

178 




25-26 

19 

168 




11-12 

17 

133 




26-27 

—■ 

— 




12-13 

“ 

““ 



5th 

30-31 

44 

171 










31-32 

42 

139 










32-33 

31 

143 










33-34 

20 

135. 
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phosphate excretion in the 3rd week, but as he received gradually 
increased doses of acid after that period, the results are not 
comparable with those of Rabbit XL When the amount of 
ingested hydrochloric acid rose, a corresponding increase of 
phosphoric acid excretion occurred. 

The PO 4 in the feces of the control rabbits was 12.5 to 87.5 
mg. per day (Table IV), in the acid-fed rabbits 26 to 153 mg. 
(Table V). It is evident that the acid feeding caused no decrease 
in fecal phosphorus, the change being, if anything, in the oppo- 
site direction. 

II, The Influence of Acid Feeding in the Rabbit on the Bicarbonate 
Content of the Plasma, 

Walter (1877), who made the first experiments in acid intoxi- 
cation with dogs and rabbits, found great decrease in the carbon 
dioxide content of the blood. The results of later experimenters 
agree with Walter^s. The effects of HCl administration in the 
dog upon the CO 2 content of the plasma, estimated by the Van 
Slyke method, were recently reported by the writer (1917). 

25 cc. of 0.25 N HCl were administered by stomach tube to 
several noimal rabbits daily at 2 p.m. Blood was drawn by 
heart puncture before the acid feeding, and the CO 2 content of 
the plasma estimated by the Van Slyke method (Table VIII). 
The rabbits died in about 1 week after the acid administration, 
since in their weakened condition they could not stand the heait 
puncture. Bicarbonate CO 2 in the plasma of the controls was 44 
to 64 per cent. In the 1st week of the acid administration (3rd 
day) several rabbits showed a lowered CO 2 in the plasma. These 
rabbits did not live to the 2nd week. Rabbit XXVIII showed 
no acidosis in the 1st, but a marked acidosis in the 2nd week. 
Rabbit XXVII, which was not bled in the 2nd week but which 
received acid every day, also showed a marked acidosis in the 
3rd week. Both rabbits died after heart puncture. Rabbit XI, 
used in one of the previous experiments, showed 34.9 per cent 
CO 2 content in the plasma in the 4th week (April 30). 
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TABLE vni. 

Carbon Dioxide, Contejil of Planma. 



Date. 

Rabbit 

XXIV. 

Rabbit 

XXV. 

Rabbit 

XXVI. 

Rabbit 

xxvn. 

Rabbit 

XXVIII. 

Rabbit 

XXIX. 

Remarks. 

Normal 

lomlitiou. 

May 21 

“ 24 

vol. 

per cent 

44.0 

54 4 

vol. 

per c^nt 

44 0 

GG.O 

vol. 

per cent 

44.0 

03.9 

vol. 

per 

57.2 

51.5 

vol. 

percent 

60.0 

57.3 

vul . 

per cent 

53.4 

03.0 


1st wook of 
jicici food- 
iJip:* 

May 2<) 

.SI 2 

Died 

May 

45.0 

30.9 

Died 

May 

31. 

51.1 

03.8 

43.0 

Died 

May 

31. 

From May 
27. 

25 cc. 0.25 \ 
HCl giv(?n 
daily. 

'2n(l w(‘ok of 
arid f(‘rd- 

j 

.June 5 

\ 

Died 

June 

2. 



33.6 

Died 

June 

5. 


t 

^Ird week of 
acid fp(*d- 
infs;. 

June 12 

i 

i 



31.2 

Died 

June 

12. 



1 

i 

1 


Ill, Mineral Changes in Muscles and Bones. 

After the deaths of the rabbits which had been usc'd for th(‘ 
phosphate excretion experiments reported above, the muscles 
and bones wctg separated as completely as possible. The total 
muscles (except the heart) were weighed, ground in a food chop- 
fm;, weighed again, and kept in a refrigerator. From thorn 
phosphorus, potassium, and sodium were determined. The 
bones from the entire body, including the bone marrow, were 
weighed, dried on a water bath for 4 or 5 days, ground in a hand 
mill, weighed again, and kept in a bottle. In the bone pr)wder-, 
phosphoric acid, calcium, carbonic acid, and fat were estimated. 

Age effects a change in the mineral constituents of the boru's 
of rabbits (Weiske, 1872, Wildt, 1872), but the changes are mini- 
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mal in rabbits from 1 to 3 or 4 years of ago. Adult animals from 
1 to 2 years of al)oiit the same weight were selected for the pres- 
ent research. 

Methods of Analysts. 

I-ho:<lJioric Acid in Muscle Ash. — 50 gm. of frt‘sh muscle W(jre 
\v('ighed into a platinum dish and ash(id, first over a flame and 
finally in a muffle furnace, using full red heat only after all organic 
matter was entirely turned to charcoal. To the residue 15 cc, 
of water and 3 to 5 cc. of concentrated hydrochloric acid were 
added, and the ash was dissolved with the aid of heat. The 
solution was washed into a 200 cc. flask, diluted to the mark, 
and filtered into an Erlenmeyer flask through a dry folded filter 
paper to i-emove particles of carbon. 50 cc. portions of thi.^ 
solution were taken for phosphate determination. The phos- 
phate was precipitated as molybdate and weighed as Mg-iPj^Or. 

Potassium and Sodium in Muscle. — After ashing the muscle 
and dissolving the residue in the same manner, 5 cc. of 10 per 
cent BaCb were added and followc^l by 10 per cent Ca(OII)2 
suspension till the solution was alkaline to litmus. The mixture 
was diluted to 150 cc. and filtered through a folded filter paper 
to remove phosphates and sulfates. To 100 cc. of the filtrate 
20 cc. of saturated ammonium oxalate were added, followed by 
10 per cent ammonium carbonate until no further precipitate* 
was obtainable. The solution was diluted to 200 cc. and filtered 
through a folded filter paper to remove calcium and barium. 
50 cc. of the filtrate were placed in a weighed silica dish with an 
excess of concentrated hydrochloric acid and evaporated tc) 
dryness on a water bath. The residual KCl and NaCl wen* 
ignited and weighed. The chlorides were dissolved in a small 
amount of water, 0.5 cc. of perchloric acid was added, and the 
solution evaporated to dryness. After addition of 3 or 4 cc. of 
water and five drops of perchloric acid, the solution was evaporated 
to dryness again. The residue was stirred up with 10 cc. of 97 
per cent alcohol containing 0.2 per cent of perchloric acid, allowed 
to stand at least 20 minutes, and then transferred to a Gooch 
crucible, in which it was w^ashed several times with small portions 
of the same alcoholic solution containing 0.2 per cent of perchloric 
acid. The KCIO4 was dried at n0°C. and weighed. 
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Phosphoric Acid Determination in Bones, — 10 gm. of dried 
bone powder were ashed in a platinum dish as above. The? ash 
was transferred to a 200 or 300 cc. beaker, with 50 to JOO cc. of 
wate^r. The latter was boiled and hydrocjjiloric acid added 
until all solid matter except carbon was dissolvt^d. The solution 
was filtered into a 250 cc. flask. The phosphate in 20 cc. was 
precipitated as molybdate and weighed as MgoPoO?. 

Calcium Determination in Bones, — To 10 cc. of the bone ash 
solution, prepared as above, 5 cc. of 10 per cent sulfuric acid and 
60 cc. of 95 per cent alcohol were added. The solution was let 
stand over night. The CaS 04 precipitate was filtered into an 
alundum crucible, washed with 70 per cent alcohol, and dried 
at 100®. The alundum crucible was then set inside a porcelain 
one, which was heated to a dull red for about 30 minut(\s. 

Carhmiic Acid Determination in Bones, — Van Slyke/s new 
carbonate method was used (1918), as described in the preceding 
article. 1 gni. samples were used of the dried bone powder. 

Deierminaiion of Fat in Bone. — 1 gm. of dried bone powd(‘r was 
extracted in a Soxhk't extractor with 150 cc. of absolute ether 
for 24 hours. The ether was drivcm off on a water bath. 50 cc. 
of petroleum ether were add(;d and let stand over night on the 
residue. The solution was filtered through fat-free cotton, the 
petroleum ether drawn off, and the residue weighed as fat. 

Results. 

I, Muscles, 

1, Weight of Muscles. — The weight of the total muscles per 
kilo of body weight in four control rabbits was practically con- 
stant, varying only from 318 to 355 gm. (Table IX). In the 
experimental rabbits, the ratio of weight of muscles to body 
weight was calculated on the biisis both of final body weight and 
of body weight before acid feeding was begun, since the animals 
lost weight during the period of acid feeding. The weight of 
muscles per kilo of initial body weight, except for Rabbits XII 
and XXI, was lower in the acid-fed rabbits than in any of the 
controls, indicating a loss of muscle tissue during acid feeding 
(Table X). 
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The weight of muscles per kilo of final body weight was lower 
than normal in Rabbits V, VII, IX, XI, and XX which had 
received a long continued acid feeding (13 to 38 days). The 
ratio in Rabbits 3ptl and XII was almost normal, in spite of 
the fact that they had received acid for 2 weeks or more. These 


TABLE. IX. 

Weight of Muscles in Normal Rabbits. 




Weight of muBoles. 

Rabbit No. 

Body wt. 

1 

Before 

maceration. 

After maoerution. 




Per kg. body wt. 


gm. 

gm. 

gm. 

gm. 

vrii 

1,500 

530.6 

493.3 

355 

X 

1,500 

521.6 

477.1 

318 

XV 

1,500 

544.0 

523.8 

350 

XVI 

1,400 

476.8 

449.0 

321 

Average 




.336 


TABLE X. 


Weight of Muscles in Acid-Fed Rabbits. 


Rabbit 1 
No. 

Duration ; 
of 

expeii' 

raent. 

Body weight. 

Weight of muaolea. j 

Weight of muBclee. 

Initial. 

Final. * 

1 

Before 

maceration. 

After 

maceration. 

Per kg. ini- 
tial body wt. 

Perkg. final 
body wt. 


days 

gm. ^ 

gm. 

gm. 

gm. 

gm. 

gm. 

Ill 


1,500 

1,310 

430.5 

415.0 

277 

320 

V 


1,450 

1,250 

335.2 

319.5 

220 

255 

VII 

17 

1,500 

1,200 

347.1 

331.8 

222 

277 

IX 

13 

1,500 

1,400 

442.1 

424.0 

283 


XI 

35 

1,240 

1,150 

272.0 

262.8 

212 

229 

XII 

22 

1,650 

1,600 

579.0 

561.0 

340 


XX 

14 

1,850 

1,500 

486. 0 

472.0 

255 , 

314 

XXI 

7 

1,400 

1,340 

482.0 

468.0 .j 

331 

346 


results show that such loss of weight as occurred fell more heavily 
on the muscles than on the body as a whole. 

Change in Phosphorus Content of The control 

rabbits showed almost constant results, the percentage of PO 4 in 
ihe fresh muscles being 0.759 to 0.883 gm-, and the total PO4 
per kilo of body weight being 2.6 to 2.8 gm. The percentage 
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of PO4 in the muscles of acid-fed rabbits was in some cases nor- 
mal, but in four of the eight animals it was lower than the lowest 
normal. The ratio of total PO4 per kilo of initial body weight 
was remarkably lower than normal in all the rabbits which had 
received acid except Rabbit III. From the results it is evident 
that the total phosphorus in the muscles of rabbits is reduced by 
acid feeding, and that on the average, the reduction includes the 
percentage of phosphorus in the muscles as well as the amount 
in the total musculature. 

3, Changes in Sodium Content of the Muscles, — The sodium 
content in the muscles of the normal animals showed an average? 
of 0.0973 per cent, the extremes being 0.078 to 0.122. The total 


TABLE XI. t 

Analysis of Muscle of Normal Rabbits. 


Rabbit No. 

PO 4 


Na 



K 


VO 4 in 
nju 8 - 
oles. 

1 

Total 
PO 4 in 
all mufl-i 
clea. 

Total 
PO 4 per 
kilo 
body 
wt. 

Na in 
mu 8 > 
clea. 

Total 
Na in 
all mu 8 - 
cle«. 

Total 

Na Kin 

per kilo mus- 
body clos. 

wt. 

Total 
K in all 
inuB- 
cles. 

ToUiI 
K per 
kuo 
body 
wt. 


per cent 

gm. 

gm. 

per cent 

gm. 

gm. 

per cent 

gm. 

gm. 

VIII 

0.777 

3.84 

2.6 

0 0988 

0.487 

0.33 

0.301 

1.49 

0.99 

X 

0.883 

4.21 

2.8 

0.122 

0,582 

0.39, 

0.252 

1.20 

0.80 

' XV 

0.759 

3.97 

2.7 

0.0903 

0.473 

0.32 

0.32 

1.68 

1.12 

XVI 

0.796 

3.58 

2.6 

0.078 

0.351 

0.25 

0.385 

1.73 

1.24 

Average.. . 

0.804 


2.64 

0.0973 

i 

1 

1 

0.32 

0.315 


1.04 


sodium per kilo of body weight was 0.25 to 0.39 gm., the average 
being 0.32 gm. for the four controls. A moderately high per- 
centage of sodium is seen in the acid-fed rabbits, Nos. Ill, VII, 
and XXL The ratio of the total sodium, both per kilo of 
initial body weight and per kilo of final body weight was lower 
than in the lowest control in Rabbits V, XI, and XX, which had 
received long courses of acid feeding. 

4* Changes in Potassium ConterU of the Muscles, — In the normal 
rabbits the percentage of potassium in the muscles was 0.252 to 
0.385, and the total potassium per kilo of body weight was 0.8 to 
1.24 gm., the average being 1.04 gm. The percentage of potas- 
sium in the muscles of acid-fed rabbits, Nos. V, XII, and XXI, 
was lower than the lowest normal. The ratio of total potas- 
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wiiim per kilo of initial l)ody weight of all the acid-fed rabbits 
except No. Ill was lower than the lowest normal. The ratio of 
total potassium per kilo of final body weight in all the experi- 
mental animals, except Nos. Ill and XX, was lower than normal. 
It appears that potassium is considerably decreased in the muscles 
by experimental acidosis. 


11. Bones, 

1. Changes in Weight of Dried Skeleton. — The weight of dried 
bone per kilo of body weight was 54 to 65 gm. in the normal 
rabbits and averag(*d 59 gm. (Table XIII). The weight of 
bone per kilo of initial body w(4ght wiis lowered to 40 to 54 gm. 
in the acid-fed rabbits averaging 50 gm. (Table XIV). Tin* 


TAiiLK xrir. 

Writjh! of Shcletoo in Xiomul linhltils. 


Uahbii No. 

Wet. 

After drying. 

After crusliing. 

Per kg. bod 


gm. 

gm. 

gm. 

gm. 

Vill 

140. 0 

SO. 2 

so.s 

r>4 

.\ 

I 0 S .9 

94.4 

SH.O 

5 .') 

.\v 

109.0 

99 . 4 

97.4 

(>5 

XVI 

i;io..5 

87.0 

87.4 

()2 



1 

1 


09 


ratio of the weight of bone per kilo of final V>ody weight was 
normal in the acid-fed rabbits, except in liabbit \ which had 
endured a long continued acid fe(‘ding. These results indicat(‘ 
that the diy weight of the skeleton decr(^ases paralkd with tin* 
weight of the total body during acid feeding. As shown Ix'low, 
about half the' Ixuit* loss is attributable to decrease in the bone 
fat. 

Changes in Skeletal Phosphate. — The P ()4 percentage* in the 
dri(*d bones of normal rabbits was 20.8 to 23.3 and the total 
PO 4 per kilo of body weight was 11.2 to 14.3 gm. 

All of the acid-fed rabbits showed a percentage of PO4 in the 
bones rather higher than normal because of a decreased fat con- 
tent, rather than an increase of phosphate, as will be indicat.ed 
later. The ratio of the total PO4 per kilo of initial body W(*ight 
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was lower than normal only in Rabbit. V of the acid-fed rabbits. 
Rabbit V showed a smaller amount of all bone substatices. 
Whether this was due to the exceptional amount of acid given or 

TABLE XIV. 


Weight of Skeleton in Acul^Fcd Rabhils, 




Weight of bone. 

Rabbit No. 

Duration 
of experiment. 

Wet. 

i 

After 

After 

Per kg. 



drying. 

crush trig. 

Initial 
body wt. 

Final 
body wt. 


days 

gm. 

(fm. 

gm. 

gm. 

gm. 

HI 

15 

109 


*71.8 

48 

55 

V 

38 

119 

61 

58.5 

40 

47 

VII 

*17 

m 


ai.5 

46 

57 

IX 

13 

148 • 


81.1 

54 

58 

XI 

35 

129 

65.2 

65.2^ 

53 

57 

XII 

22 

166 

90.4 

88.4* 

54 

55 

XX 

14 

158 

95 

93.6 

51 

62 

XXI 

7 

158 

75.6 < 

72.4 

52 ' 

54 


TABLE XV. 


Analyaiff oj Bone of Normal Rahhitff. 



PO 4 

Ca 

COv 

Pat. 

Rabbit No. 

6 

1 

1 

.s 

i 

PO 4 in total skele- 
ton. 

Total PO« per kg. 
body wt. 

Ca in dry bone. 

Ca in total skele- 
ton. 

Total Ca per kg. 
body wt. 

CO? in dry bone. 

COa in total skele- 
ton. 

Total COa per kg. 
body wt. 

Fat in dry bone- 

Fat in total skele- 
ton. 

S. . 
IS? 

■31 

fS 


per 

cent 

gm. 

gm. 

per 

cent 

gm. 

[• 

gm. 

1 

per 

cent 

gm. 

gm. 

per 

cent 

gm. 

gm. 

VIII 

20.8 

16.8 

11.2 

13.1 

10.6 

7.6 

5.1 

4.1 

2.8 

19.59 

15.8 

10.5 

X 

21.1 

17.5 

11.7 

14.1 

11.7 

i 7.8 

5.2 

4.3 

2.9 

14.5 

12.0 

8.0 

XV 

21.7 

21.0 

14.0 

14.7 

14.3 

1 9.5 

4.8 

4.7 

3.1 

18.21 

17.7 

11.8 

XVI 

23.3 

20.3 

14.3 

15.2 

13.3 

1 9.5 

4.9 

CO 

3.1 

16.22 

14.1 

10,1 

Average. 

1 21.7 


12.8 

14.3 


j 8.6 

5.0 


2.96 

17.13 


10.1 


to a chance individual variation from the normal, one cannot say. 
The bones of the other rabbits indicate no significant effect of 
the acid feeding on the phosphate content of the skeleton. 
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Bone 
fat per 
kg- 
final 
body 
wt. 

^ O 00 O O O 

t» -itii ci lo -sr 'fti v:> 

IrNF 

gm. 

3.6 

1,9 

4 7 

7.5 

3.2 
3.8 

3.6 

5.2 

Fat 

in total 

ton. 

gm. 

5.3 

2.3 

7.1 
12.4 

4.8 

6.95 

5.6 

7.2 

Fat in 
dry 

i 

per cent 

8.97 

3.53 

9.88 

14.03 

7.02 

8.43 

6.94 

9.99 

g 

Sflls 

gm. 

2.4 

2.7 

2.8 

2.5 
2.9 

3.5 
3.0 
2.4 

CCb 
per kg. 
initial 
body 
wt. 

• »-<iO'^»ceooooDW 

S Cl C'i oi iM 0^1 o-i oi csi 

'co. 

in total 

ton. 

gm. 

2.98 

3.06 
3.66 

4.07 
3.42 

5 . 27 
4.20 
3.26 

(Sll 

bone. 

1 -H -H CO o CD CM 

^ »o 'cr lo *o *o ‘O 

Ca 


1^' 

gm. 

7.1 

9.7 

9.2 

7.8 
9.7 

11.2 
9.4 
1.0 


g C-I00?0l^r-I00’-I 

CD Ci OC' C5 00 1'- 

Ca ill 
total 
akele. 

ton. 

gm. 

8.9 

11.2 

12.1 

12.5 

11.6 
16.8 
13.2 
10.0 

Ca in 
dry 

a> 

c 

g 

per cent 

15.25 

17.1 
16.8 

14.1 
16 85 
17.9 

16.25 
13.8 

S’ 

o-Js' 

1 k 

ro CO ^ »0 O ID CO 

POi 
per kg. 
initial 
body 
wt. 

gm. 

9.8 
13 5 

11 9 

12 0 
12.4 
13.1 
13.6 
11 8 

•:-3i 

m 

B 

C 

gm. 

14.2 

16.7 
17.9 

19.8 
18.6 
24.1 

20.3 
16.5 

:1s 

S'"- 

D 

3 

g 

per cent 

24.2 

25.7 
24.9 
21.4 

27.2 

25.8 
25 1 

22.8 

Total 
volume 
of 0.25 tf 
HGl 
fed. 

ce. 

1,185 

810 

600 

510 

375 

360 

300 

180 

No. of 
days 
of acid 
feeding. 



iJli 


days 

38 

35 

15 

22 

17 

14 

13 

7 

1"' 

V 

XI 

III 

XII 

VII 

XX 

IX 

XXI 
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S, Changes in Skeletal Calcium. — The percentage of calcium in 
th(i bones of the normal rabbits varied from 13.1 to 15.2, iind 
the total calcium per kilo of body weight from 7.6 to 9.5 gm., 
the average being 8.6 gm. The acid-fed rabbits showed 13.8 to 

17.9 per cent of calcium, and 6.2 to 9.1 gm., the average being 

7.9 gm., of skeletal calcium per kilo of initial body weight. The 
last mentioned figures indicate that there was probably some 
loss of calcium during acid feeding. 

4. Changes in Skeletal Carbonate, — The percentage of carbon 
dioxide in the bones of normal rabbits was 4.8 to 5.2; in the bones 
of acid-fed rabbits it was 4.7 to 5.6. The total CO2 per kilo 
of body weight was 2.8 to 3.1 gm. in the control rabbits; 2.1 to 
2.8 in the acid-fed. The ratio of the total carbon dioxide per 
kilo of initial body weight of the acid-fed rabbits was lower than 
the lowest normal in six of the eight acid-fed rabbits. From 
these results it appears that the calcium carbonate of the bones, 
unlike the phosphate, is reduced by acid feeding. This con- 
clusion is in agreement with that reached by Stecnbock, Nelson, 
and Hart (1914) as the result of metabolism experiments on a 
calf. The fact that the percentage of CO2 is not reduced in boncjs 
of acid-fed rabbits is attributable to the loss of fat which makes 
the relative proportions of other constituents appear higher. 

5, Changes in Bone Fat, — The percentage of fat in the bones of 
the normal animals was 14.5 to 19.6 averaging, 17.1, and the 
total fat per kilo of body weight was 8.0 to 11.8 gm. In the 
acid-fed rabbits, the fat percentage was 3.5 to 14.0 averaging 
8.6 or half as high as in controls. The ratio of the total fat per 
kilo of initial body weight was correspondingly reduced. The* 
reduction occurs even in the early stages of experimental acidosis. 
Because of this reduction in bone fat, the figures for the per- 
centages of PO4 and Ca in the bones of acid-fed rabbits arc 
rather higher than noimal. The bone powder of the acid-fed 
rabbits was dryer and visibly less fatty than that of nonnal 
rabbits, and it was this appearance which led us to deteimine 
the relative fat content. 


SUMMARY. 

Daily administration of 25 to 75 cc. of 0.25 n hydrochloric acid 
to rabbits for 1 to 4 weeks had the following effects: 
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1. Blood plasma bicarbonate was reduced. 

2. Phosphoric acid excretion was increased, the increase being 
in some cases followed by a fall. These observations confirm 
those of Fitz, Alsberg, and Henderson (1907). 

3. Phosphate excretion in the feces was not markedly affected, 

4. The muscles lost markedly in phosphorus and potassium 
and somewhat in sodium. 

5. In the skeleton the chief effect was a great reduction in fat 
content, which fell from an average of 17.1 per cent of the dry 
weight to 8.6 per cent. Aside from the fat loss, the skeletons of 
acid-fed rabbits averaged about 10 per cent lighter in dry weight 
than those of the normals. There was no demonstrable loss of 
calcium phosphate. There was a definite loss on the average of 
about one-fifth of the carbon dioxide, indicating that the calcium 
carbonate is more readily sacrificed in acid intoxication than is 
the phosphate. 


CONCLUSIONS. 

The individual variations in muscle and bone are such, that 
in every constituent determined, the figures for some of the 
acid-fed rabbits overlap the nonnal range. Consequently the 
interpretation of results is not so sharp as could be desired, and 
it is regrettable that the time available has not permitted the 
extension of the experiments to a larger number of animals, so 
that the data could be put on a statistical basis. 

The results nevertheless indicate with a fair degree of decisive- 
ness that next to the bicarbonates of the body fluids, the first 
major reserves of alkali drawn upon in acid intoxication of rab- 
bits arc the alkali phosphates, particularly potassium phosphate, 
of the muscles, and the calcium carbonate of the bones. The 
bones do not lose calcium phosphate in appreciable amounts. 

The above results arc only suggestive in their relationship to 
clinical acidosis. Wlicther a loss of alkali phosphates from the 
tissues and calcium carbonate from the bones occurs in the latter 
remains to be ascertained by accurate determination of mineral 
balances. 

The writer's thanks are due to Dr. Donald D. Van Slyke for 
his constant advice during the course of this work. 
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NOTES ON FOLIN’S DIRECT NESSLERIZATION 
METHOD FOR THE DETERMINATION 
OF NITROGEN. 

By LOVELL LANG8TROTH. 

{From the Medical Laboratories of the University of California Hospital, 
San Francisco.) 

flinc^oived for publication, September 17, 191S.) 

Two difficulties were encountered in adoptinp; Folin’s direct 
Nesslerization methods^ for nitrogen determinations in the urine 
and blood. The first was in making known solutions of pure 
ammonium sulfate check with the standard when run through as 
in the procedure for tot al urinary nitrogen. The second was that 
after precipitating the blood proteins with m-phosphorit^ acid the 
filtrate could not be boiled down in a large hard glass test-tube. 

In order first to study the problem of the standard solution, 
two ammonium sulfate solutions were made up, one containing 1 
mg. of nitrogen to 1 cc,, and the other 1 mg. to 20 cc. All glass- 
ware was accurately calibrated, and Ostwald pipettes which 
delivered between marks were used for the 1 cc. measuremiuits. 

Experiment 1 . — I cc. of Ibc more concentrated .solution was digested 
with 1 cc. of the acid mixture in a large hard glass te.st-iube for ‘2 min- 
utes after the sulfuric acid fumes had begun to come off, then dilute<l, and 
washed into a 200 cc. volumetric flask. 10 per cent siulium hydroxide was 
added in sucli amount as to make -- of the volume necessary to neutrali/a^ 
1 cc. of the acid mixture and 2 cc. for exce.MS alkalinity, and the whole N(^ss- 
lerisstnl and diluted to volume. 20 cc. of the weaker solution were similarly 
treated after addition of the acid mixture but omitting the digestion. 
When compared in the colorimeter the color from the more concentrated 
solution of ammonium sulfate was more intense than that developed in the 
weaker solution without digestion. More color was brought out by diges- 
tion than could be accounted for by Nesslerization of the ammonium sul- 
fate present so that the weaker solution could not serve as a standard for 
nitrogen determinations. 


* Folin, O., and Denis, W., Nitrogen determination by direct Nessleri- 
sation, J. Biol, Chem,, 1916, xxvi, 437. 
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Experiment 2 , — In order to show whether the error involved in measuring 
such small amounts of ammonium sulfate or the possible loss in washing 
into the flask was considerable, 1 cc. of the more concentrated ammonium 
sulfate solution was put into each of two large hard glass test-tubes and 
the procedure concluded from this point as before, omitting the digestion. 
The readings checked exactly. 

Experiment S , — Experiment 2 was next repeated but one sample of the 
ammonium sulfate was digested for 2 minutes after the white acid fumes 
• had begun to come off, before washing into a 200 cc. volumetric flask. The 
result was similar to that in Experiment 1. The color developed by the 
digested ammonium sulfate solution gave a reading of 9.3 when compared 
with the color from the undigested solution which was used as a standard 
and set at 10. 

Experiment 4- — In order to show that the increase in intensity of the 
color developed after the digestion of the ammonium sulfate with the acid 
mixture was due to something in the acid itself, Experiment 3 was repeated 
using 1 cc. of distilled water in place of the ammonium sulfate solution. 
No color was developed by the uudigested sample while there was a dis- 
tinct brownish color after Ncsslerization of the digested acid mixture. 


On account of this impurity of the sulfuric acid now pur- 
chasable as c. p. we have found it necessary to make a correc- 
tion for tlie color modification due to digestion or to digest our 
standard solution according to the following procedure. 

1 cc. of a solution of purified ammonium sulfate containing 1 
mg. of nitrogen to 1 cc. Is measured with a calibrated Ostwald 
pipette into a large hard glass test-tube and digested for 2 min- 
utes with a very low flame, a watch crystal being placed over 
the top of the tube when sulfuric acid fumes begin to come off. 
After cooling, distilled water is added, the whole washed into a 
flask, and set aside until the urine or blood filtrate has been 
similarly treated. The procedure is then completed as directed 
by Folin, and the solutions are compared in the colorimeter. 

In the detennination by direct Ncsslerization of the non-pro- 
tein nitrogen of the blood w-phosphoric acid is used as a pi’ccipi- 
tant. The resulting filtrate is water-clear and does not give the 
biuret reaction, but on account of bumping we were unable to 
boil it down in a large hard glass test-tube when the latter was 
held in the vertical position. If the tube is held just far enough 
from the horizontal to bring the surface of the liquid half way be- 
tween the bottom and the mouth of the tube, the microburner 
flame adjusted so as to be not over f ilich high with the tip of the 
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iiame 1 cm. from the lowest jiortion of the* tube, and moved 
away from the center line of the tube towaid the edjro, as in the? 
accompanying figure, the tiuid will boil without loss l.)y bumping 
or foaming Over 30 minutes will usually be requir(?d to boil th(? 
10 cc. of filtrate down to 2 cc. but the tube need not be watched 
more than occasionally. When blackening begins the tube is turned 
upright and the remainder of the procedure carried out. as in the 
case of urine. At this point, however, the precaution should be 



Ftg. 1. 


takon of placing the tip of the flame well over to one sid(', other- 
wise bumping and loss wdll occur. While keeping it in <*ontact 
with the tube the flame should at the same time l>e lo\v(M‘(‘d as far 
as is consistent with the continued digCvStion of tlu' blackening 
filtrate, otherwise? there will be too groat a loss of sulfuric acid fumes 
and a consequent solidification of the material in the tiilx? as diges- 
tion is completed. With the greatest care at the end of digest ion 
solidification will sometimes occiir and ruin the (kdermination by 
making it difficult to wash the material quant it ati\’el 3 ^ into a flask. 
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This can be prevented by raising the wat(^h crystal slightly on one 
side and cautiously introducing distilled water with a capillary 
pipette and rubber nipple drop by drop down the side of the 
tube as soon as blackening disappears and the solution clears. 
Sputtering but no loss of material will occur. The remaindei* 
of the procedure is carried out as directed by Folin. 

With these slight modifications we have found the method foi* 
determination of total urinary nitrogen and non-protein nitrogen 
of the blood by direct Nesslerization to be accurate and to effct l. 
a great saving of time and chemicals. 



ON THE DETERMINATION OF UROBILIN IN URINE. 

Preliminaiiy Report. 

By S. MARCUSSEN a.vd SVEND HANSEN. 

{Frovi (he Rig^hospitalet, UfriversKy of Copenhagen, Copenhagen.) 

(Kpceived for puhlicsttion. Septomher 20, 1018.) 

To the lon^ list of methods of oliiiical investigation from which 
modern modi(ial science has benefited may be added the deter- 
mination of an increased (luantity of urobilin in the urine of pa- 
tients suffering from liver complaints. 

Practically all modern investigators employ Schlesinger’s 
method, which is based on the fact that even the smallest (pian- 
tity of urobilin on the addition of certain zinc salts in an alco- 
holic solution produces a green fluorescence. As a matter of fact 
Jaff6 had* already called attention to this. 

Schlesinger employed equal portions of urine and a 10 per cent 
suspension of zinc acetate in absolute alcohol, liildebrandt 
points out that the reagent must be well shaken immediately 
before using, as a saturated solution of zinc acetate in absolute 
alcohol only contains 2 per cent and that to obtain the redaction 
it is sometimes necessary to work wdth large quantities of zinc 
acetate. Furthermore, he allows the mixture of urine and the 
reagent to stand for 12 to 24 hours before filtering in order that 
the urobilinogen present may be oxidized to urobilin. The same 
result is ob^ined instantly by the addition of minimum quantities 
of iodine. 

In using Schlesinger’s test in this way it was strikingly clear to 
us that the reagent, in the course of a few days, changed its ap- 
pearance. While the freshly prepared suspension produced by 
finely pulverized zinc acetate and absolute alcohol was easily 
mixed by shaking, and on measuring gave practically uniform 
results with regard to the contents of zinc acetate in 10 cc., this 
was not the case when the reagent was allowed to stand for a few 
days. A freshly prepared suspension from which, after carefully 
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shaking, we measured 10 cc. into a porcelain bowl, evaporated 
the alcohol on a steam bath, and dried the remainder to a con- 
stant weight at 70°, gave as an average result of three tests 0.857 
gm. of anhydrous zinc acetate, which corresponds to about 1.025 
^ gm. of the hydrous zinc acetate used (CH3C00)2Zn2H20. A 
series of tests carried out in the same way after a lapse of ^ days 
gave, on the other hand, highly variable values from 6.27 to 0.82 
gm. of zinc acetate. 

On closer consideration the reason for this was obvious. The 
powdered zinc acetate had in the course of the 8 days changed 
into a coarse, crystalline, monoclinic zinc acetate which it was 
very difficult to shake up and which was veiy quickly precipitated. 

To avoid the difficulty in the case of the prepared “ Schlesinger's 
leagent’^ we decided to work, in all our experiments, with a 
weighed quantity of zinc acetate ‘and a measured quantity of 
alcohol and urine. 

Our method of procedure was as follows: Into one test-tube 
we weighed 1 gm. of zinc acetate and added to it 10 cc. of abso- 
lute alcohol; in another test-tube we measured 10 cc. of urine to 
which we added three drops of a 5 per cent alcoholic solution of 
iodine. We then carefully mixed the contents of the two test- 
tubes by repeated decantations until all the zinc acetate was dis- 
solved. We finally filtered the precipitate and examined the fil- 
trate for fluorescence in daylight falling from behind the observer 
through a test-tube 16 mm. wide. 

On examining the urine of a number of patients suffering from 
different liver complaints, we obtained in this way very fine 
fluorescence results, but later on examining the urine of a num- 
ber of normal persons and also of patients suffering from different 
surgical complaints, without any symptoms of liver involvement 
and with normal temperature, we found in the great majority of 
cases a very distinct fluorescence. It is, of course, well known 
that the urine of normal, healthy persons contains small quanti- 
ties of urobilin. Gerhardt found 0.0074 to 0.0079 gm., Friederich 
Muller up to 20 mg., Saillet, 30 to 130 mg., and G. Hoppe-Seyler 
80 to 140 mg. in the 24 hour urine. In other words the method 
proved too delicate in working with the exact quantities of re- 
agent and urine. 
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Gregersen has, it is true, examined 800 patients apparently 
free from liver complaints and 50 nonnal persons, altogether over 
5,000 urobilin tests, with Schlesinger’s reagent and never found 
one positive reaction. A possible explanation of this striking 
disparity may lie in the fact that he, like all earlier investiga- 
tors, used Schlesinger's reagent without considering the small 
quantity of zinc acetate he might in this way happen to work 
with. 

In order to test the importance which the quantity of zinc 
acetate plays in the reaction we carried out the following ex- 
periment. 

10 cc. of a slightly acid urine containing urobilin were meas- 
ured into each of nine test-tubes. To each were added three 
drops of a solution of iodine. 10 cc. portions of absolute alcohol 
were measured into nine other test-tubes to which were added 
quantities of zinc acetate varying by 0.1 gm. from 0.9 down to 
0.1 gin. 

After careful mixing and filtering the experiments showed that- 
the fluore.sc(‘ncc was ajiparcintly unchanged in strength from 1 
to 0.50 gm. Below that it (Iccrcased steadily until at 0.20 to 0.10 
gm. it had to be considered as 0. Different urines, however, 
proved somewhat variable in this respect, but in the ease of all 
of them it may be said Viat the fluorescence, was unaffected by vary- 
ing the amount of zinc acetate from 0,d gm. upwards ^ but that 
decreasing the quantity below O.o gm. diminishes the fluorescence 
obtained. 

We then examined the effect of alcohol conciaitration on the 
reaction. 

As will be seen from Table I the fluoreseence dea'cases with the 
decreasing alcohol percentage. 

To complete the experiment the quantity of iodine was varied 
from half to threefold. This produced no visible change. 

There seems to be some diversity of opinion with regard to the 
importance of the reaction of the urine. Hildebrandt states that 
highly concentrated acid urines do not give a reaction even when 
rich in urobilin, and, like most other investigators, he considers 
that a very weak alkaline reaction produces the best fluorescence 
results, while, for instance, Gregersen states that the reaction of the 
urine is of no importance whatsoever. 



e384 Determination of Urobilin 

We decided, therefore, to try to throw some light on this point 
also by making the reaction on urobilin-cjontaining urines to 
which were added n hydrochloric acid, isr sulfuric acid, n acetic 
acid, or n solution of ammonia, in varying quantities but in sucli 
a^way that the total volume remained constant. 


TABI.E I. 


No. 

IJriue. 

lotlinc. 

Zinc. 

Water. 

1 Alcohol . 

Fluorescence. 

Abaolute. 



<sc. 

drops 

gm. 

cc. 

cc. 

percent 


1 

] 


0.20 

1 

8 

80 

Distinct. 

11 

1 


0.20 

2 

7 

70 

(< 

Jll 

1 

1 

0.20 

3 

0 

(K) 

u 

IV 

1 

h 

0.20 

4 

5 

50 


v 

1 

i 

0.20 

5 

4 

40 

Decreasing. 

VI 

1 

i 

0.20 

6 

3 

30 

« 

vn 

1 

I 

0.20 

7 

2 

20 

Very slight. 

VII] 

1 

1 

0.20 

8 

1 

10 

0 

IX 

1 

1 

0.20 

9 

0 

0 

0 


TABT^. ri. 


No. 

Urine. 

Solution of 
iodine. 

o 

w 

ir, 

Water. 

1 

ZincaGetate.j 

1 

Absolute 

alcohol. 

Filtrate. 

Acidity, about 

Fluorescence. 

1 

cc. 

drops 

cc. 

cc. 

gm. 

cc. 



1 

5 

2 i 

0 

5 

0.50 

10 

Very slightly acid. 

Strong. 

11 

5 

2 

1 

4 

0.50 

10 

0.0.') N 

u 

III 

5 

2 

2 

3 

0.50 

10 

0.1 N 

Distinct. 

iV 

5 

2 

3 

2 

0.50 

10 

3 0.05 N 

Slight. 

V 

5 

2 

4 

1 

0..50 

10 

0.2n 

Very slight. 

VI 

5 

2 

5 

1 0 

0.50 

i 10 

0.25 N 

0 


Table II shows the effects of the acids employed, Tables III. 
and IV those of the ammonia solution. 

The tests were made on slightly acid urobilin-containing urines. 
The fluorescence of the filtrate decreases with the increa>sing quan- 
iity of the hydrochloric acid and disappears at the point where the 
zinc acetate is converted into zinc chloride^ 0.50 gm. of zinc acetate 
requiring about 4,6 cc. of n HCh 

(CH,COO)aZn-2Ha04*2HCl«ZnCl,+2CH»COOH-f-2mo. 
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In other words, in acid-reactiiig urines zinc chloride does not 
give any reaction, whereas a mixture of zinc acetate and zinc 
chloride does. This can be proved by the non-fluorescing fil- 
trate (Test VI) fluorescing on the addition again of 0.50 gni. of 
.zinc acetate and then filtering. 

Sulfuric acid gave quite the same result, whereaa acetic acid 
added in equivalent quantitieH had no risible influence on the stren-gih 
of the fluorescence. 

It was extremely interesting to observe the influence of arn- 
monia on the reaction. 

Tile urine employed had a slightly acid reaction and gave the 
urobilin reaction in a dilution of 1:20. The point where the 
filtrate shows the weakest fluorescence probably coincides with 


TABI.E HI. 


N<i. 

Urine. | 

Soluliori! 

of 

io<.liuo. 

N NHs 

Water. 

Zinc 

acetuto. 

AV>Bolute 

alcohol. 

I'lnoreucence. 


cc. 

dropa 

cc. 

cc. 

dm. 

~t — 

cc. 


1 

T) 

2 

0 


0.5 

10 

Stroiifi. 

11 

r> 

2 

1 

4 

0.5 

10 

Slifihl.. 

111 

5 

2 

2 

3 

0.5 

10 

Very 

IV 

5 

o 

3 

1 2 

! 0.5 

10 


i 

.5 

2 

4 

1 

0.5' 

10 

Sliijht. 

vr 

5 

2 

.5 

i 0 

1 

0.5 

1 

10 

Stroup. 


the point where the .solution holds the least quantity of zinc salt 
dissolved. On repeating the experiment with other urines the sann' 
conditions were discovered: anincreasmg amount of ammonia gave 
first a decreasing and then again an increasing fluorescence, but tin* 
minimum fluorescence of the different urines required the addition 
of a varying quantity of ammonia; in the same way the strength- 
ening of the fluorescence required varying quantities of ammonia. 
In order to obtain this distinctly it was necessary in the case of 
urines ridi in urobilin to use smaller quantities of urine, for in- 
stance 2 cc. instead of 5; and, in order to obtain the same total 
volume, an increased addition of water. Table IV shows a .series 
of such experiments. 

In other words an^fmoniacal urines ought always to he acidified 
with acetic acid before making the test as it is impossMe to know in 
advance whether the quantity of ammonia is such as to prevent 
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entirely the reaction or to lead to an erroneous estimate of the quan-- 
tity of urobilin. Gregersen^s statement that the test can be made 
equally well on urines which have stood for several days may be 
wrong if the urine contains urea-decomposing bacteria. In the 
case of highly acid urines it is advisable to make alkaline with 
ammonia, then to acidify with acetic acid. 

In order to discover whether the method could be employed 
to distinguish betwe^ normally and pathologically increased 
quantities of urobilin, we carried out a series of dilution tests. 
The aim of these was to ascertain how much it is necessary to 
dilute nonnal urine to avoid getting a positive reaction, and to 
find whether in liver complaints the quantity of urobilin is of such 


TABI.E IV. 


No. 

Criuo. 

lodimi 

aolution. 

N NUa 

Water. 

Zinc 

acolute. 

Absolut 0 
alcohol. 

Fluorescence. 


cc. 

drops 

tr. 

cc. 

film. 

cc. 


I 

2 

* 1 

1 

7 

0.5 

10 

Strong. 

11 

2 

1 

2 

0 

0.5 

10 


III 

2 

1 


5 

0.5 

10 

<( 

IV 

2 

1 

•1 

4 

0.5 

10 

Slight. 

V 

2 

1 

' •> 

3 

0.5 

10 

0 

VI 

2 

1 ■ 

, () 

2 

0.5 

10 

Slight. 

Vll 

2 

1 

' 7 

1 

0.5 

10 

Strong. 

VlIJ 

2 

1 

8 1 

0 

0.5 

10 

n 


magnitude that the urine allows of greater dilution before the 
reaction fails to appear. 

From our investigations into the importance of the alcohol 
percentage on the reaction we knew that in these tests we had to 
he careful that the alcohol percentage did not fall below about 
40. We had likewise to make sure that the amount of zinc acetate 
was not too small. Fischler, who attempted such dilution ex- 
periments to fonn an estimate of the quantity of urobilin, made 
the fatal mistake of diluting the fluorescing filtrate with water, 
which prevents fluorescence even with very slight dilution. It 
appears, however, from the following experiment that by again 
increasing the alcohol percentage to the original quantity a dis- 
tinct fluorescence reappears which is proportional in intensity to 
the amount of urine present. . 10 cc. of a strongly fluorescing 
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filtrate are diluted with 10 to 15 cc. of water. The fluorescence 
disappears; then on the addition of 10 to 15 cc. of absolute alco- 
hol a distinct 'fluorescence reappears. We cannot confirm Gre- 
ger^en^s observation that the fluorescence suddenly disappears at 
a certain point of dilution, if care is taken to keep the alcohol 
concentration at about 40 to 50 per cent. 

In carrying out the dilution experiments in the manner stated 
below we found a quite uniformly decreasing fluorescence which 
in the case of urines rich in urobilin could still be observed with a 
dilution of 1:100. The difficulty at this point is to decide 
when the fluorescence may be described as non-observable, as 
even with a greater dilution we could determine a quite slight 
fluorescence, either by looking at the solution in a test-tube held 
horizontally, or by throwing a ray of light transversely across the 
glass with a convex lens. 

In our experiment, however, we never availed ourselves of 
these accessories, and when we describe the fluorescence as 0, 
it means that the fluorescence was not observable in daylight 
falling from behind the observer through a test-tube 16 mm. in 
diameter. 

We carried out these dilution tests in the following manner. 
10 cc. of urine were' measured drop by drop into test-tube A and 
to this were added three drops of a 5 per cent alcoholic solution of 
iodine. After shaking up, 1 cc. of this is measured into test- 
tube B. 

I. To test-tube A, which now contains 9 cc. of urine, are added 
9 cc. of absolute alcohol and 1 gm. of zinc acetate, and after 
complete solution of the zinc acetate the contents are filtered 
through a plain filter (9 cm. in diameter) into a test-tube of the 
width mentioned above (9 cc. of urine to 18 cc. of total volume; 
dilution |). 

II. If the filtrate fluoresces, to test-tube B ar(‘ added 3 cc. of 
water, 1 cc. of a clear 20 per cent solution of zinc acetate in 
water, and 5 cc. of absolute alcohol. After mixing, it is filtered 
(1 cc. of urine in 10 cc. of total volume; dilution i«). 

III. If the filtrate fluoresces, 5 cc. of urine are measured out 
drop by drop; to this are added 6 cc. of water and two di-ops 
of solution of iodine. From the mixture 1 cc. is measured into 
another test-tube and mixed with 3 cc. of w^ater, 1 cc. of 20 per 
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cent zinc acetate solution, and 5 cc. of absolute alcohol, and then 
filtered. (0.5 cc. of urine in 10 cc. of total volume; dilution aV.) 

IV. If the filtrate fluoresces, 5 cc. of the urine are measured 
drop by drop into 15 cc. of water and two drops of iodine. From 
the mixture 1 cc. is measured, and the procedure is the same as in 
III (0.25 cc. of urine in 10 cc. of total volume; dilution 4 ^ 0 ). 

In working in this way one is ahvays certain of ( 1 ) having a 
sufficient excess of zinc acetate, ( 2 ) sufficiently large and constant 
alcohol concentration, lender these conditions it is possible %o 
estimate the amount of urobilin in a urine. In a number of 
patients suffering from liver complaints the fluorescence could 
even be determined in dilutions of A to and in certain cases 
even with still greater dilutions. In a very few out of the 50 
normal patients whose urine we have examined we have on one 
or two occasions seen the fluorescence in a dilution of j\», and we 
should therefore be inclined to consider a fluorescence in a dilu- 
tion of A as the lowest limit for a pathologically increased urobi- 
linuria. But k> decide this point more definitely a far greater 
number of investigations is necessary than we are able to carry 
out at present. 

Perhaps it would not be out of place here to mention that th(' 
evaporation experiments conducted by Gregersen arc based on a 
misunderstanding, as thh urobilin is obviously a therm olabile 
substance. 

We have made the following experiments. 250 cc. of slightly 
acid urobilin-containing urine (the fluorescence apparent in a 
dilution A) were heated in a glass vessel in a water bath. The 
temperature of the urine reached its maximum of 95® in the c.ourst' 
of 20 minutes. The urine was kept at this temperature for 1 hour. 
After restoring the water to its original weight from the loss it 
had undergone from evaporation and cooling, we conducted the 
urobilin test in the usual way. The fluores(*ence was now only vis- 
ible in a dilution A. After remaining another hour on the water 
bath, restoring the water, and cooling as before, the fluorescence 
could only be seen in a dilution J and after a further hour^s heat- 
ing the fluorescence could not be observed at all. 
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CONCLUSIONS. 

* $ 

The methods formerly employed for the quantitative deter- 
mination of urobilin have either, as in the case of isolation and 
wei|i:hing, proved far too complicated for clinical use or, as in the 
case of spectroscopic methods of examination, not sufficiently 
delicate. By the dilution tests, here described, one, of course, 
does not. obtain a definite |gure for the quantity of urobilin pres- 
ent, but it is possible by a test, taking only a few minutes, to esti- 
mate sufficiently near for clinical use, how large (|uantities of 
urobilin a uriiui contains. We hope that further experiments 
with our method will be able t.o throw fresh light on several points 
I’elated to it; for instance, on the importance of the concentration 
of the urine, the contents of pathological components, the varia- 
tions in quantity of the suf^stances usually present, the importance 
of the food, consurnptioji of alcohol, and .s(‘veral other things 
which we hope later to ))e able to help in (bearing up. 
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Metabolic studies on aquatic animals have not been numerous. 
The inherent difficulties of collecting the excreta and measur- 
ing accurately the consumed food, both of which are soluble in 
the wajer, have doubtless made this subject unattractive to 
investigators. 

In undertaking a nutritional study on the brook trout — a $sh 
remarkably sensitive to slight changes in its environment — the 
first problem to settle was the practicability of keeping these ani- 
mals in small aquaria. The trout thrive in rapid streams, and 
the problem would evidently be beyond solution if they could not 
be kept in good health in a limited quantity of water. Experi- 
ence has shown that with sufficient aeration, trout can be kept in 
as little as 4 or 5 liters of water, which need not be changed but 
once every 48 hours, or even at longer intervals, tinker such 
circumstances tlie trout will not only remain in good condition, 
but as the experiments here recorded shows will gain weight. 

Large museum jars, about 12 inches in diameter, were used 
as aquaria, and these offered the fish considerable room foi* 
swimming, and could be kept very clean. The jar was closed by 

* This research- was conducted with a special grant from *t he Tnited 
States Bureau of Fisheries. The experiments were perfurineil at the 
York Aquarium and tlu? Biochemical Laboratory of tb(* College of Physi- 
cians and Surgeons, Columbia University. To Dr, C, 11. Townsend, 
Director of the Aquarium and to Professor W. J, Gies of the Biochemical 
Laboratory, 1 desire to express my gratitude for the many conrtesms re- 
ceived from them. 

Published with the permission of the Commissioner of Fislieries. 
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a cover which could be clamped tightly to the bottom, and, by 
means of a flat rubber ring, the joint made air-tight. Two round 
holes drilled in the cover of the jar were fitted with rubber stop- 
pers. Through one of these, the aeration tube was passed, while 
in the other a specially designed cup was inserted containing a 
measured quantity of standard acid. Compressed air was blown 
through the water, and wa^ dissipated as a fine spray by the 
aeration tube. The air escaping from the jar bubbled through* 
the standard acid contained in the cup. This precaution was 
taken in order to avoid any possible loss of ammonia from the 
water by the vigorous current of air. 

The contents of the cup were emptied every 24 hours and 
titrated with 0.01 n sodium hydroxide. As no changes in the 
quantity of acid have been found in the course of many trials, 
this practice was discontinued as unessential to the accuracy of 
the experimentation. 

The aquaria were submerged in a trough of galvanii^d iron 
through which a constant circulation of water of fairly uniform 
temperature was maintained. The temperature of the aquaria 
in which the trout sojourned was thus regulated. The water 
used in these experiments was exceptionally pure, coming di- 
rectly from the excellent filters installed in the New York City 
Aquarium; no sediment was formed by this water even upon 
standing several weeks. 

The trout which were experimented on were weighed at the 
beginning and close of each period. Different methods have 
been tested for obtaining the accurate weight of the fish, and 
finally the following method was adopted : The trout was picked 
up with a small fine net, the adhering water shaken off, and the 
trout allowed to drain for about half a minute. The fish was 
then transferred cautiously to an aluminum can partly filled 
with water, the weight of which was accurately determined. 
With practice it was possible to perform this operation without 
splashing a drop of water. The can was closed and again weighed 
with the trout, whose weight was thus gotten by difference. 
Though the method is not free from certain defects, it had two 
important advantages over every other method tried, in that, in 
the first place, no injury was done t6 the trout, and second, with 
the animal securely in the can, the weighing could be done lei- 
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surely* Of course it is assumed that the amount of moisture ad- 
hering to the animal has been the same at each weighing. Though 
this assumption is arbitrary, it has been found by weighing the 
animals several times in succession, that the extreme differences 
do not vary more than 0.5 per cent. The balance employed in all 
weighings was sensitive to a mg. with a load of 1.5 kilos. 

Feeding the trout was unquestionably the most difficult, and 
yet the most essential step in the process of accurately measuring 
their metabolism. The effort, therefore, was made to teach the 
fish to take their food directly from forceps. Wherever this was 
feasible, the rest of the experimental procedure was quite simple. 
In a few instances I was actually successful in so training the 
trout that they would come to the edge of the aquaria and leap- 
ing out of the water, snap the food held with pincers. In this 
way the washing out of soluble constituents of the food by the 
water was entirely prevented. 

The food was kept in small weighing bottles, and the amount 
consumed was determined by the difference in the weight before 
and after feeding. The method of feeding the trout ad libitum 
had the advantage also that at no time were there un consumed 
particles of food left in the aquaria which might favor contami- 
nation of the water, and thus greatly affect the significance of the 
results, • 

Unfortunately this method of direct feeding could not always 
be utilized, as will be shown in a later section. The food was 
generally prepared in large quantity and stored in a frozen con- 
dition. The contents of every jar were carefully analyzed, and 
their composition was checked at least twice in the course of an 
experiment. Portions of this stock food — enough for several 
feedings — were put in weighing bottles and kept in the ice chest 
in the laboratory. 

Usually 48 hours after feeding, the trout was removed to a jar 
with a fresh supply of water, and the old water containing the sqlid 
and dissolved excreta of the preceding period was filtered and 
prepared for analytical treatment. 

Large aluminum tumblers, the bottoms of which were perfor- 
ated with a number of fine^holes, were used for this purpose, 
the tumblers serving as Gooch crucibles. The tumblers were pro- 
vided with a thick pad of fine glass wool, dried in the oven, and 
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weighed. The contents of the aquaria were siphoned into the 
tumbler and filtered through the glass wool, with the aid of suc- 
tion, into a large bottle. The glass wool was found very efficient 
in retaining even minute particles floating in the water, but the 
filtered water showed invariably a distinct turbidity. The 
tumbler with the solid excreta retained in the glass wool was again 
dried and weighed; thus the weight of dry feces was gotten by 
difference. 

It may be mentioned that the sides and bottom of the aquaria 
were thoroughly cleaned with a rubber-tipped rod, and the wash 
water added to the filtrate. This was acidified with a few drops 
of sulfuric acid and evaporated to a small bulk. As a rule, the 
final volume was made up exactly to 1 liter. 

In view of the large quantities of water that it was necessary 
to handle, the matter of evaporation presented certain technical 
difficulties. Originally it was attempted to carry out the evapo- 
ration at a low temperature (50®C.) with the aid of a rapid current 
of hot air. This method was very cumbersome, requiring much 
time. Blank experiments have shown that there was no particu- 
lar advantage derived from the use of a low’ temperature. A large 
steam bath was therefore installed, accommodating a number 
of evaporating dishes (white enamel) of about 12 liters capacity 
erfeh. The steam bath was set in the apparatus previously used 
for evaporating by means of the current of dry air, so that the 
two methods could bfe (jombined at will. Very large quantit es 
of water could in this way be quickly condensed to a small bulk. 
The concentrated water was transferred to a volumetric flask, 
the evaporating dish thoroughly rinsed with fresh water, and 
the quantity brought up to a definite volume. This concen- 
trated water was again filtered through asbestos to remove such 
particles as may have gone through the glass wool. The quan- 
tity was negligible, but the amount accumulated in the course 
bf an experiment was analyzed and added to the feces. Aliquot 
portions of the perfectly clear water were used for analysis. 

In choosing fine glass wool as a means of separating the solid 
excreta from the water, two important considerations were 
borne in mind; owing to the small quantity of feebs available, it 
was very difficult to analyze it, and particulatiy to obtain a uni- 
form sample. It was urgent, therefore, first to mix the feces 
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with some other material to increase its bulk without interfering 
with the analysis, and secondly, to make the grinding of the 
feces possible/ The use of glass wool for this purpose suggested 
itself after a number of different things had been tried with 
little or no success. The glass wool proved particularly ideal as 
it served as a filtering medium, and could be ground to a thin 
powder, helping to reduce the feces to a state of extremely fine 
subdivision and uniform distribution. 

These powders in which the glass represented many times the 
bulk of the feces, were kept in weighing bottles and were easily 
sampled for analysis. Nitrogen and fat determinations were 
made on weighed portions in the usual manner. It may also be 
mentioned that blank experiments were performed, and the ana- 
lytical data furnished corrections for the dissolved excreta and 
feces which were found in experiments with trout. 

Experimenta in F anting. 

As a preliminary to the feeding experiments, a number were 
performed on fasting trout (Table I). It has been found that the 
alimentary tract frees itself of all excreta from previous feeding 
in 48 hours. Minute quantities were sometimes eliminated also 
during the next 21 hours, but this was invariably negligible; the 
fasting, therefore, was generally started 48 hours after the last 
meal. The first protracted fast was performed with a trout 
weighing 102.9 gm. ,(1^^-1). In the course of the 4 we(jks of the 
experiment, no solid excreta were eliminated. The water in the 
aquarium femained retnarkably clean for days, so that it could be 
changed at long intervals. The nitrogen eliminated in the water 
was detennined for 7 day periods. After 28 days of fasting, the 
trout weighed 95.7 gm. or 7.2 gm. less than at the start. The 
nitrogen eliminated during the first week of fasting was (57.2 mg., 
but the quantity diminished from week to week, only 45.1 mg. 
being eliminated during the last week. The average elimina- 
tion of nitrogen per day and per kilo of weight was 81 mg. In the 
course of 4 weeks 233 mg. of nitrogen were lost. It is evident, 
therefore, that about one-fifth of the body loss was at the expense 
of the protein. 

The next two experiments were made with trout which had 
been kept previously in the stock tank and fed freely. Whe 
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transferred to the experimental aquaria, they vomited much 
undigested food, and for a few days continued to eliminate large 
amounts of feces. ' Trout F-2 in the 1st week of fasting lost 4.6 
per cent of its weight, eliminating 141 mg. of nitrogen per day and 
kilo. This very high nitrogen elimination was followed by a de- 
cided drop in the next week, when it was only 71 mg., the loss in 
weight at the same time having been reduced to 1.3 per cent. 
During the entire 2 week period of fasting 5.9 per cent of the 
body weight was lost, and the daily nitrogen elimination per 
kilo of fish was 105 mg. The very high nitrogen elimination dur- 
ing the first few days of fasting which, in this case was preceded 
by abundant and unrestricted feeding, will be observed in several 
other experiments. This condition is met with also in the case 
of the higher vertebrates. 

In Experiment P"-3 it will likewise be observed that the nitrogen 
elimination reached a very high level of 132 mg. per day and 
kilo, but the fast was not cqntinued further with this animal. 

Experiment F-4 presents essentially the same picture. This 
trout was used in a long feeding experiment, and for weeks it 
was fed regularly and ad libitum. It was then subjected to a fast 
of 2 weeks duration, during which time it had lost 9.3 per cent 
of its weight. The nitrogen eliminated in the 1st and 2nd week 
shows that it was twice as large during the former, being 155 mg. 
of nitrogen per day and per kilo for the first 7 days, and only 79 
mg. for the next 7 days. This large loss of nitrogen observed in- 
variably upon changing from an abundant diet to fasting, es- 
pecially in the case of Trout F-4 which for a month previous to 
the fast had been eliminating a fairly constant amount of nitro- 
gen daily, brings up again the question of the circulating pro- 
tein which, when the income of new food material is stopped, is 
the first to be consumed. 

Experiment F-5 like the first of the series is interesting because 
this trout was not on an abundant diet previous to the fast. 
Its nitrogen elimination for 8 days was 91 mg. per day and kilo 
of body weight. We may regard, therefore, the elimination of 
80 to 90 mg. per day and per kilo as the normal nitrogen catab- 
olism of the brook trout. 
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Feeding Raw Beef Heart, 

]{aw boef heart cut in fine strip>s about 1 cm. long was fox! di- 
rectly from forceps. The results of an experiment which lasted 
over 2 months are recorded in Table II. During this time the 
excreta for every 48 hours were collected and analyzed separately. 
In the coui'se of the 1st month, it will be seen, the trout gained 
77.3 per cent in weight. It consumed 85.34 gm. of boef heart, 
and the e'xcretion from day to day showed remarkable constancy. 
It will be noted also that the amount of nitrogen in the feces was 
almost invariably 10 per cent of the dry fecal matter, and this 
proportion coincides with that found in the fec6s of mammals 
on a pure meat diet. The diy feces (constituted about 5 per cent 
(cf. Table VI) of the dry material ingested with the food. The 
utilization of the food “protein and fat — has been almost constant 
throughout this part of the experiment. Of the 2.8981 gm. of 
nitrogen fed, 0.9329 gm. was retaineej^, (cf . Table II, total N intake 
and total N eliminated). In the absence of experiments on the 
respiratory exchange, the retention of fat could not, of course, bo 
worked out. Considering the amount lost with the feces, 96.1 
per cent of the consumed protein was utilized, and 94.5 per cent 
of the fat. Not only hak the utilization of the food through di- 
gestion been good, but as the index of growth’^ (ratio between 
increase in weight and (quantity of consumed food per kilo and 
per 24 hours) shows, it furnished a considerable proportion of its 
material to the building up of the body tissues. 

The consumption of the trout per day and kilo of weight 
amounted to 37.5 gm. of food, while the increase in body weight 
per day and kilo was 17.4 gm. In other words, 46.5 per cent of 
the food material was added to the organism (see Table VI). 
The trout was then allowed to fast for a fortnight (P-4, Table I), 
in order to find out how this would affect the digestive power and 
general condition of the animal whose metabolic exchange has 
been carefully established by the previous study. 

Upon resuming feeding, the trout gained 15.7 per cent in 2 
weeks. During the first 4 days of realirnentation, the small 
amount of nitrogen in the water (urine) is marked. Durmg the 
first part of the experiment, the urinary nitrogen represented 
on the average 63.9 per cent of the total nitrogen consumption, 
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but during the first and second 48 hours following the fast, it 
was 39.7 and 57.2 per cent respectively. There was thus undoubt- 
edly a retention of nitrogen. As the elimination for the next 48 
hours shows, this retention was only temporary. 

During this third 2 day period, the urinary nitrogen represented 
106.1 per cent of the consumed nitrogen. In other words the 
nitrogen ingested since the fast was broken, was not excreted 
until 6 days later. The nitrogen elimination then gradually 
diminished, but even after 2 weeks, it was still 10 per cent higher 
than in the first part of this experiment. 

An examination of the feces also revealed that the amount of 
dry excreta has become 50 per cent greater than during the pre- 
ceding period, and furthermore that the feces became very 
fatty; in fact, from the 5th until the 10th day of resumed feed- 
ing, the per cent of fat in the feces was extremely high; this appar- 
ently was due to delayed elimination of undigested fat rather 
than to a progressive impoverishment of the digestive functions. 
In this respect there is almost a direct relationship to the excre- 
tion of urinary nitrogen. The utilization of nitrogen during 
these 2 weeks was 94.8 per cent, not essentially different from 
the degree of utilization in the prefasting period, but the fat 
utilization was only 91.? per cent. 

That the general condition of the trout was impaired by the 
fasting, is indicated best by the lowering of the “growth index” 
(see Table VI). During these 15 days the trout received 26.7 
gm. of raw beef heart per day and per kilo of body weight, but it 
gained only 9.73 gm. in weight; in other words, the “growth 
index” was 36.5 per cent as compared to 46.5 per cent in the 
earlier part of the experiment. 

The experiment recorded in Table III presents much simi- 
larity to the preceding one. 

Six small fingerlings, weighing all together only 33.6 gm., were 
used. During the first part of the experiment, lasting 26 days, 
these small trout were fed thirteen times and their excreta were 
collected and separately analyzed four times during that period. 
A glance at Table III will show that the animals consumed 25.41 
gm. of the raw beef heart, and gained 11.13 gm. in weight. The 
quantity of dry feces eliminated in that time was 3.52 per cent 
of the total dry ingested food, and contained 21 mg. of nitrogen. 
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''Fhe prokiin of the food, therefore, was utilized to the extent of 
97,5 per cent, and the fat 96.2 per cent. The index of growth was 
42.7 per cent showing that the fingerlings were growing at a 
favorable rate. 

Owing to the accidental death of one of the animals, the ex- 
periment was renewed with the five remaining fingerlings, and con- 
tinued for another 21 days. During this time the excreta were 
collected and analyzed five times. A short fast of 4 days inter- 
vened between the first and second parts of this experiment. The 
total weight of the five fingerlings was 34.8 gm., and they gained 
ri.3 gm. in the 21 days, or considering the average weight at the 
beginning and closing of the entire experiment, the fingerlings 
gained about 66 per cent in weight. 

By reviewing the data pertaining to the second part of the 
experiment, certain differences will be observed as compared with 
the results obtained in the first part, which to a certain extent 
substantiate the experience gained in Experiment 000.5. In 
the first place, the ratio of dry feces to the dry matter of food is 
50 per cent higher (ef. Table III, amount of food and of dry 
feces), and this increase in the fecal discharge runs parallel 
to the diminished utilization of the nutriment. The conclu- 
sion, therefore, is warranted that in this instance also the di- 
gestive activity was somewhat impaired by the short fast. The 
growth capacity, however, was not affected in this case, the 
fingerlings having grown more in the 3 weeks following the fast 
than during the 26 days preceding it. The gain in weight repre- 
sented 49.8 per cent of the quantity of food per day and kilo, 
as compared with 42.7 of the earlier period. 

Two things must be borne in mind in connection with these 
experiments : In both instances the evidence clearly indicates that 
fasting is deleterious to the digestive function of the trout. The 
difference in effect upon subsequent growth may probably be due 
to the fact that in Experiment 000.5, the intervening fast was a 
much more protracted one. 

The last experiment on the effect of feeding raw beef heart was 
performed on the trout which had undergone a preliminary fast 
(F-1, Table I). In the course of 15 days of the experiment, this 
trout consumed 27.71 gm. of food with a content of 7.047 gm. of 
dry matter. Examining the last three cdlumns of Table IV, one 
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notices the high proportion of fat in the feces, and the apparent 
retention of nitrogen as is shown by the low nitrogen content of 
excretions passed during the first several days after feeding was 
resumed. That the retention was purely temporary is seen from 
the fact that within the next few days the elimination was ab- 
normally high, especially between the 6th and 9th days when it 
became actually 30.8 per cent more than the nitrogen contained 
in the food for that period. This delayed elimination of nitrog- 
enous waste points to the possibility that the excretor^^ mech- 
anism of the trout suffered an injury in consequence of fasting, 
which it required several days, when food was given, to restore 
to normal functioning. 

The similarity of the results obtained in these three experi- 
ments is very striking, those of Experiments 000.5 and 000.7 
being practically identical. 

The dry feces formed a much greater per cent of the dry matter 
consumed with the food than in any of the previous experiments 
(8 95 per cent, cf. Table VI), The utilization of the protein during 
the entire 15 day period is 94.4 per cent, which compares very fa- 
vorably with the extent of utilization observed in the other ex- 
periments. The utilization of the fat which has been reduced 
to only 83.8 per cent demonstrates again, and more strikingly 
than in any of the previous experiments, the particularly dele- 
terious influence of fasting upon fat utilization. The reason for 
this must be looked for in the longer duration of the fast. To 
explain these facts it may be necessary to assume that a more 
lasting damage was done to the glandular structures of the ani- 
mal, the pancreas and the liver, which leads to a defective diges- 
tion and absorption of fats. Further investigation of this ques- 
tion would at any rate be desirable. 

In spite of the low degree of utilization of the food materials, 
the index of growth was 50,1; in other words, half of the nutrient 
material fed has actually gone towards the building up of the 
body tissues. This result is of much significance, inasmuch as it 
adds further proof for the idea that neither the utilization of the 
food in digestion nor the actual quantity consumed determines the 
extent of the resulting growth of the organism. The trout in 
this experiment increased in weight at a greater rate than in 
any other of this series, while actually consuming the smallest 
quantity of food. 
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In the practical feeding of fish in hatcheries, the question is 
frequently asked, Shall the food be fed raw or cooked? The ob- 
jection to cooked food on the ground that it is not the natural 
condition of nourishment of the fish, may well be dispensed with. 
Feeding fish in hatcheries is a problem in domestication, and the 
merits of a dietary system must be judged not by whether it 
resembles or deviates from the state of things in nature, that is 
wild nature, but by the results which can actually be achieved 
with it. To anticipate what will be brought out in the de- 
scription of the following experiments, cooked food is neither 
more nor less utilized than the raw food, though possibly it has 
less growth-promoting quality. It is not as palatable to the fish 
as the raw food, and in my experience, the trout ate it much less 
willingly and in smaller amounts. In only one respect does 
feeding of cooked food present a decided advantage. On raw’ 
food the feces arc gelatinous and fairly massive, while those re- 
sulting from cook$^ food are more or less dry and scanty. The 
feces therefore ha/e no tendency to adhere to the sides of the 
aquaria, being in well formed compact masses; contamination of 
the water was never observed when cooked food w^as fed, and it 
remained remarkably clear for a number of days. 

The food was put up as before, except that it was brought to a 
quick boil with a small volume of water, the fluid completely 
drawn off, and the meat packed in stock jars, refrigerated, and 
analyzed as usual. 

Experiment 00.2 (Table V) w^as made on the same trout Avhich 
served in Experiment 000.5, and the results of these two experi- 
ments are well suited for comparison. The animal was fed on 
the cooked beef heart for a considerable time to get it thoroughly’ 
accustomed to this food before the actual metabolic study was 
begun. The trout did not relish cooked food, and at best would 
eat only small quantities. In the 38 days which this experiment 
lasted, the trout consumed only 23.9 gm. of the food; the feces 
for this period contained 51 mg. of nitrogen and 34 mg. of fat. 
These two constituents of the diet were therefore utilized to the 
extent of 95.7 and 96.1 per cent respectively, which is very close 
to the values (96.1 and 94.2) which were found on raw meat. 
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The per cent of nitrogen and fat in the dry feces is much greater 
than on a diet of raw meat, and this condition is very general as 
can be seen by comparing the data in Columns 5 and 0 of Titble 
VI. This very high percentage, however, is of no significance, 
being merely due to the fact that the feces are more compact and 
dry when the trout are kept on the cooked meat r^jgime. It is 
more significant that the amount of dry feces presents the same 
proportion of the dry matter of the consumed food (3 to 4 per cent) 
no matter whether the food has been cooked or not. 
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The results of Experiment 00.3 (Table V) are essentially the 
same, though this trout has shown a somewhat smaller increase in 
weight. Experiment 00.4 which lasted 48 days was made on a 
trout which had been fasting a week before the. experiment com- 
menced. The protein of the food was utilized as usual — 95.7 
per cent, but only 92.5 per cent of the fat was utilized. This 
further confirms the point emphasized already in this paper, of the 
defective utilization of fat by trout that have undergone even a 
brief fast. The amount of food this trout ingested per day and 
kilo of body weight was 10.11 gm. The daily increment in 
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weight per kilo was 4.25 gm.; in other words, the growth index 
was 42. When we compare the relative values of cooked and 
raw meat as the diet for trout, we can indicate the following ad- 
vantages of the latter: its greater palatability and greater growth- 
promoting quality. This can be seen at once, when the average 
growth index of Experiments 000.5 to 000.7, which is 45, is 
compared with the same of Experiments 00.2 to 00.4, which 
is only 39. This might perhaps be objected to on the ground 
that the difference in the body weight increments is due rather 
to the great difference in the quantity of food which the trout 
has consumed in these two series of experiments. It must be 
recalled, however, that the growth index does not furnish informa- 
tion as to the actual or absolute increment in body weight, Imt 
indicates the fraction of the nutrient material which has be- 
come permanently incorporated as a part of the organism. The 
two kinds of food have been apparently ample in amount to insure 
not only maintenance, but a further increase in weight, but in 
the case of the cooked beef heart a smaller relative increase in 
body weight was secured. It is possible that the lesser effect of 
the latter in producing growth was due to the fact that in the 
process of boiling, some of its water-soluble growth-stimulating 
substances have been dissolved out. The fact that the food which 
has been boiled and thus lost a large part of its water content was 
as well utilized by the trout as raw meat, suggests that it would 
be practicable to utilise thoroughly desiccated food as trout 
diet. The food soaked in water before feeding would probably 
retain its gustatory quality, as well as its growth-promoting 
quality. This might be an excellent method for preparing on a 
large scale and distributing the food for trout hatcheries. Ex- 
periments, which were planned with a view of studying the 
metabolic value of such desiccated foods, remained unperformed 
owing to the unexpected interruption of the investigation. 

Feeding Beef Liver, 

Beef or pig liver is one of the staple diets in trout hatcheries, 
and a series of experiments was started to study its nutritave 
Jvaiue. The liver was freed from all blood vessels and ducts, and 
*the parenchyma alone was frozen solid and ground in a meat 
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grinder to a fine pulp. The food was then kept in the refrigerator 
and ar^lyzed as usual. Unfortunately it was impossible to 
feed this food directly from forceps as was done with the beef 
heart. It was necessary instead to throw a quantity of food 
into the aquaria and leave it there for half an hour. The trout 
was then removed to another aquarium with fresh water, in 
which the excreta were collected, while the unconsumed food was 
collected over glass wool in a large filtering tumbler. The fil- 
trate was made up to a definite volume, of which aliquot portions 
were used to determine the nitrogen, fat, and sugar that were 
washed out from the food bj^ the water. The solid residue was 
dried at 100°, powdered, and the composite sample for the 
entire experimental period was analyzed in the usual way. 

Knowing the quantity of food thrown into the aciuarium, 
the amounts of nitrogen, fat, and carbohydrate were computed 
from the analytical data pertaining to the particular food sample. 
From this were subtracted the amounts of nitrogen, fat, and 
carbohydrate, found both in the water and in the solid residue. 
The consumed amount of each constituent was then determined 
by the difference. 

In his study of the digestion of fish, Knauthe^ made use of this 
method exclusively. Apart from the disadvantage which it 
shares with all indirect methods, the method is time-consuming 
and presents so many unforeseen difficulties as to render the 
results at times of no value. 

In the matter of recovering the fat, Knauthe^s procedure, 
though very simple, consisting merely in extracting an aliquot 
portion of the water with ether, on closer examination proves of 
little or no value. Knauthe has not performed blank experi- 
ments to determine how closely the recovered amount corre- 
sponded with that washed out by the water; he therefore had no 
occasion to be apprehensiye about the acceptability of his results. 

As was pointed out above, I considered the performance of blank 
experiments essential, and have relied on these in deciding whether 
or not the analytical procedure in use was adequate. By fol- 
lowing Knauthe's method, I found that the results were so widely 
different from the expected values as to make them worthless. 

1 Knauthe, K., Z. FUchereit vi, 18^, 139. 
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It will be noted further that in all the experiments the ani- 
mals were allowed to remain in the feed jars half an hour, after 
which they were removed to fresh water. Knauthe on the 
otlier hand, allowed his animals to remain in the aquaria contain- 
ing food for a long time, and separated tnechanically the feces 
from the solid food particles. It need hardly be pointed out that 
sucii a procedure is too crude to warrant great confidence in the 
significance of experimental results. The bacterial growth in 
suspensions of nutrient material would be sufficient to vitiate the 
results. In a number of blank experiments a weighed quantity 
of liver pulp was put in the aquaria (without trout), left there 
half an hour as usual, then the solid residue and the filtered water 
were analyzed. In the case of the nitrogenous material and the 
sugar, the recovery was complete within less than 1 per cent, but 
ill the matter of the fat, as determined by direct extraction of the 
water with ether, the values were usually so low as to render the 
data of no importance. The need of a different and better 
method was keenly appreciated, and attempts in this direction 
were started. The main difficulty to be remembered, was that a 
relatively small quantity of fat had to be recovered quantitatively 
from a large bulk of water. 

All the determinations were in duplicate. The nitrogen was 
determined by the Kjeldahl method, and one-tenth portions of 
the entire water were used for the analysis. The sugar was de- 
termined by Bertrand's method in one-quarter portions. The 
sugar analysis wa.s made on the perfectly clear filtrate, which was 
obtained by treating the water with aluminum cream to free it 
of the protein. On extracting this clear filtrate with ether, I 
invariably found that there was no fat present. This suggested 
a method of determining the fat which is evidently carried down 
with the aluminum precipitate. By drying this voluminous 
gelatinous precipitate, powdering it, and extracting it with 
ether, it was hoped that accurate estimate of the fat suspended 
in the water would be obtained. While this method, or some 
similar modification of it, has good possibilities, a number of 
difficulties were encountered in its practical application, which 
were not entirely removed before this work was interrupted, and 
the matter of utilization of the fat from liver was not touched in 
this investigation. 
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The feeding of liver has not met with success in my hands. 
A number of circumstances have probably conspired to make 
these experiments less definite than those of the preceding series. 
Many experiments failed, owing to the death or ill condition of 
the trout. Three experiments are recorded in Table VII, and 
these will perhaps throw light on the question of liver as a trout 
food. It will be seen that the trout did not grow as well as those 
fed on beef heart; indeed, one specimen lost 8.5 gm. The utiliza- 
tion of protein (nitrogen) was very low (90.5 to 83.6 per cent). 
The utilization of glucose likewise shows wide fluctuation, from 
96.9 to 86.9 per cent; that of the fat ranged about 90 per cent, 
but as the analytical data were not entirely reliable, these results 
have not been included in the table. 

Before concluding, one other point should be mentioned. In 
the course of the half hour during which the liver pulp remained 
in the*aquaria, as much as 60 to 75 per cent of its nitrogenous 
material has been dissolved by the water. It is a conservative 
estimate that 50 per cent of the fat was washed out, and none 
of the glucose was left in the residue, the glucose having been 
entirely dissolved out by the water. This happened in spite 
of the fact that the food was contained in a limited quantity of 
water, agitated only by the swimming movements of the trout. 

In hatcheries where the trout are kept in rapid streams of 
water, it is questionable whether a food, which will so easily 
give up its components to the water, is a particularly valuable 
diet. Its inferiority to beef heart as a dietary article for trout 
is amply demonstrated by the results of the experiments recorded 
here. 


SUMMARY. 

A study of the utilization of the fundamental food materials — 
protein, fat, and carbohydrate — has been made on trout. The 
per cent of utilization under normal circumstances was found 
to be high. Fasting has a deleterious effect on absorption, 
particularly of the fat. 

Fasting trout eliminate 80 to 90 mg. of nitrogen per day and 
per k:ilo. But if the fast has been preceded by a ^liberal diet, the 
nitrogen elimination for the first few days may greatly exceed 
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this. About one-fifth of the loss in body weight is at the expense 
of protein. 

A comparison of diets consisting of raw and cooked beef heart 
showed that both are equally well utilized in the organism of the 
trout, but a greater gain in body weight is secured from the 
former. Increase in weight does not bear a direct relation to 
the absolute quantity of food consumed. 

This study fails to justify the use of beef liver as a dietary arti- 
cle for trout. 
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INTRODUCTION. 

The work accomplished in this laboratory^ has shown that cer- 
tain amino-acids, such as glycocoll and alanine, when given to a 
dog cause a great increase in the heat production of the animal, 
and that this increase in heat production is proportional to the 
number of hydroxy-acid molecules, glycollic or lactic, which can 
be liberated on the deamination of glycocoll and alanine. Since 
no increase in metabolism was caused by the ingestion of glu- 
tamic acid, it was concluded that the processes of deamination 
or of urea formation played no r 61 e in the increased heat produc- 
tion. The proof that amino-acids themselves are not stimuli 
of metabolism lies in the fact that that quota of ingested protein 
which is absorbed as amino-acids and rebuilt into new body pro- 

* Of the Kuesell Sage Institute of Pathology, in affiliation with the 
Second Medical Division of Bellevue Hospital. 

1 Lusk, G., J, Biol CAcm., 1912-13, xiii, 166; 1916, xx, 555. 
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tein exerts no specific dynamic action; and the proof that the in- 
creased heat production does not come from the oxidation of the 
materials themselves is demonstrated by the observation that 
when glycocoll and alanine are given in phlorhizin glycosuria they 
are transformed into glucose without oxidation, are eliminated in 
the urine, and yet exert a stimulating effect on the metabolism. 

In 1915 Orafe^ published a series of experiments upon rabbits, 
dogs, and men relative to the specific dynamic action of protein> 
some of which experiments, especially those concerning glycocoll 
and alanine, confirmed, while others contradicted Lusk’s re- 
searches, and yet others were self-contradictory, P"or example, 
Grafe found in a dog that the absorption of oxygen was in- 
creased between 16 and 17 per cent during 3J hours following the 
ingestion of 50 gm. of glutamic acid (as a sodium salt), whereas 
Lusk had found no increase after giving 20 gm. Furthermore, 
Grafe reported that after giving t7.5 gm. of asparagine to a 
man the metabolism was uninfluenced during successive periods, 
respectively, of 4|, 4, and 2 hours duration, although he found 
an increase of 11 per cent in the oxygen absorption after giving 
47 gm. to another man. This last experiment is open to thfe 
following criticisms: (1) The man was in the hospital undergoing 
treatment for syphilis. (2) The basal metabolism was deter- 
mined 5 days before the day of asparagine ingestion, during which 
interval the patient is stated to have increased in weight from 
50.2 to 51.5 kilos. (3) The respiratory quotient of the 10 hour 
interval of the basal metabolism period was 0.95, notwithstanding 
the fact that this period began 12 hours after taking food. Such 
a respiratory quotient could scarcely have been obtained had the 
patient been given sugar in large excess on the day previous.* ** 
This leads to the suspicion that the oxygen detennination was too 
low. The carbon dioxide excretion rose only 5 per cent as a result 
of the asparagine ingestion. 

This questionable determination of the basal metabolism throws 
doubt upon reported increases in the metabolism of this man, of 
.13 per cent after giving 28 gm. of phenylalanine; of 14 per cent 

* Grafe, E., Deutsch, Arch, klin, Med., 1915-16, cxviii, 1. 

Benedict, F. G., Eimnes, L. E., and Riebe, J. A., Am, J, Physiol,, 
lBO-11, xxvii, 383. 
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after giving 12 gm. of ammonium chloride; and of 22 per cent 
after giving 42 gm, of acetamide. 

On the basis of these and other experiments Grafe comes to the 
conclusion that the specific dynamic action of protein is largely 
due to the liberation of the NH 2 radicle of amino-acids. His 
table showing this relation in man is inconclusive. However, the 
table showing the relation between nitrogen intake and extra 
heat production in the dog may be quoted in part as follows: 


Substance given . 

N 

Amount in 
food. 

N 

content. 

Incrcuso in 
calories 
porgm.of N 
ingested. 
Calories 

N 

Author. 


per cent 

gm. 

gm. 



CJlycocoll 

18.7 

25 

4.f)() 

4.48 

Limk. 

Alanine 

15.7 

20 

3.14 

4.00 

ti 

“ 


50 (?) 

7.85 (?) 

4.5 (?) 

Grafe. 

Leucine 

10.7 

20 

2.14 

2.9 

Lusk. 

Glutamic acid 

9.5 

20 

1.90 

0 




50 (?) 

4.75 (?) 

5.(5 (?) 

Grafe. 

Tvrosine 

7.7 

20 

1 1.55 

; 5.0 

Lusk. 

100 gm. meat 

3.0 

100 

3.00 

4.8 

« 


The interrogation points after Grafe/s work, which are found 
in the above tabulation, are in his original table and are due to the 
fact that the materials given to the dog were in small part 
vomited. 

It is evident that the main disagreement in the results obtained 
in the two laboratories lies in the difference in the outcome of the 
two experiments in which glutamic acid was ingested. The 
validity of Lusk's conclusions has also been challenged by others^ 
and it seemed desirable to subject the matter to further investi- 
gation. As no glutamic acid was available, aspartic acid was em- 
ployed in its stead. Asparagine was also given. Since this 
latter substance and glycocoll both contain 18.7 per cent of 
nitrogen, it would follow from Grafe's hypothesis that each 
should exert the same specific dynamic action. Also, the theo- 
retically interesting administration of acetamide was worthy of 

* Notably by Dr. H. H. Mitchell in private correspondence. 
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repetition and, in addition to this, experiments were instituted 
on the ingestion of succinic acid, which Ringer®^ and coworkere 
deem to be an intermediary metabolite of glutamic acid. The 
following experiments whoUy failed to substantiate Grafe^s conclusions, 

EXPERIMENTAL. 

The same experimental procedure was employed as in the work 
described in former papers.® The ingestion of materials followed 
about 18 hours after giving the usual “standard diet.^* 

Urinary Nitrogen, 

Dog XVL — After giving 10 gm. of aspartic acid dissolved in 
hydrochloric acid, the nitrogen excretion during the first 3 hours 
and 37 minutes amounted to 0.25 gm. per hour in contrast with 
not more than 0.1 gm. per hour during periods of the determina- 
tion of the basal metabolism. The administration of hydrochloric 
acid alone slightly increased the nitrogen elimination above the 
basal level to 0.12 gm. per hour from 0.09 gm. per hour. 

Dog XVII , — The more striking details of the urinary analyses 
in this dog may be presented in Table I. The results after the 
ingestion of materials were obtained from the urine of the first 
3 to 4 hours thereafter. 

It is evident from Table 1 that asparagine and ammonium citrate 
were both freely absorbed and converted, into urea, whereas 
acetamidcj though absorbed, did not increase the urea in the urine. 
The ingestion of succinic acid increased the total nitrogen in the 
urine as did hydrochloric acid in Dog XVI. 

Compulation of the Respiratory Metabolism, — A method for the 
computation of the metabolism of ingested glycocoll has been de- 
scribed in a previous paper of this series.® It was based on the 
fact that when glycocoll is given in phlorhii^m glycosuria 22 per 
cent of it is eliminated per hour as extra sugar in the urine during 
the 2nd and 3rd hours and a lesser quantity thereafter. This 
was accepted as a better guide to the rapidity of the normal me^ 

^ llinger, A. I., Frankel, E. M., and Jonas, L., J. Biol, Chem., 1913, xiv, 
539. 

® Lus^ J, Biol. Chent.f 1916, xx, 555. 
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tabolism than the nitrogen excretion of the corresponding hours, 
since this excretion is known to lag considerably behind the for- 
mation of urea in the body. 

In the present series of experiments it has been arbitrarily 
assumed that 50 per cent of the ingested aspartic acid, asparagine, 
and succinic acid were metabolized during the 2 hour period 
which included the 2nd and 3rd hours after the ingestion of the 

TABLE I. 


Date. 

Experi- 
ment No. 

Food. 

1 

Total N , 

Urea N. 

NHaN 

im 



gm. 

gyn. 

gm. 

Feb. 

11 

16 

Basal. 

0.130 



it 

12 

17 

Asparagine, 15 gm. 

0.170 

0.157 

0.010 

u 

18 

21 

« 15 « 

0.182 

0.167 

0.011 

a 

21 

23 

Lard, 25 gm. 

0.117 

0.101 

0.010 

u 

26 

25 

Asparagine, 15 gm. 

0.219 

0.207 

0.009 

it 

28 

26 

Basal. 

0.115 



Mar. 

4 

28 

ft 

0.106 



(( 

7 

29 

Succinic acid, 11.2 gm. 

0.140 



n 

8 

30 

Basal. 

0.101 



if 

9 

31 

Succinic acid, 11.2 gin. 

0.147 



it 

12 

32 

Basal. 

0.097 



** 

14 

34 

Acetamide, 12 gm. 

0.190 

0.070 

0.020 

it 

15 

35 

Basal. 

0.135 



Jan. 

16 

5 

Acetamide, 12 gm. 

0.180 

0.064 

0.016 

it 

17 

6 

Basal. 

0.093 



it 

25 

11 

a 

0.110 



it 

29 

12 

Ammonium citrate^ 6 gm. 

0.253 

0.179 

0.025 


substances. The computations were based on the following 
considerations. 

Afipartic Acid. — CJiilories per gm. = 2,882. The oxidative physiological 
reaction : 

2 C 4 H 7 NO 4 + ^ Os - 7 CO 2 + 5 H 2 O + CN 2 H 4 O 

1 gm. + 0.721 gm. =- 1.157 gm. -h 0.225 grn. 

2,882 cals. = 2,312 cals. 4* 570 cals. 

Physiological values: R. Q, *= 1,17, I gm. « 2,312 calories, 1 liter 
O* 4.578 calories. 

Aspuragine. — Calories per gm. = 3,065. The oxidative physiological 
reaction : 

C 4 HgN 20 ,.Ib 0 + 3 O 2 - 3 CO 2 A- 3 H 2 O 4- CNjIbO 

1 gm. 4- 0,64 gm. =0.88 gm. 4- 0.4 gm. 

3,066 cals. = 2,054 cals. 4 1>011 cals. 

Physiological values: R. Q. = 1, 1 gm. = 2,054 calorics, 1 liter O 2 = 
4.562 calories. 
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Succinic Acid . — Calories per gm. « 3,026. The oxidative physiological 
reaction: 

2C4H*04 + 7 O2 « 8 CO, + 6 H,0 
1 gm. + 0.95 gm. « 1.49 gm. 

Physiological values: R. Q. « 1.14, 1 liter O, 4.550 calories. 
Ammonium Citrate . — Calories unknown. The oxidative physiological 
reaction: 

2 CsHitNjO, + 9 0, - 9 CO, 4. H,0 + 3 CNjHiO 

1 gm. + 0.598 gm. * 0.815 gm. + 0.370 gm. 

Physiological value of R. Q. is unity. 


Influence of Aspartic Add and of Hydrochloric Afid. 

10 gm. of aspartic acid dissolved in 200 cc. of a solution con- 
taining 0.4 per cent of hydrochloric acid and 0.2 gm. of Liebig's 
extract of beef were warmed to a temperature of 50®C. and 
administered to a dog through a stomach sound. The results 
were compared with those obtained when a like amount of hy- 
drochloric acid was given, and also with the basal metabolism 
when no food was given. 

The results may be summarized in Table II, which shows the 
influence on the heat production of Dog XVI of 10 gm. of aspartic 
acid in 200 cc. of 0.4 per cent HCl solution and of the latter alone. 
Results are in 2 hour periods which began 1 hour after the 
ingestion of the material. 


TABLE II. 


Date. 

Experiment 

No. 

Food. 

R. Q. 

Calories. 



Indirect. 

Direct. 

mr 

Nov. 12 

10 

Basal, 

0.78 

40.67 

40.65 

« 14 

11 

HCl, 

0.78 

42.48 

41.38 

19 

12 

Aspartic acid + HCl. 

0.85< 

42.49 

40.54 

21 

13 

Basal. 

0.76 

38.94 

38.84 

** 23 

14 

ti 

0.72 

41.28 

40.89 

26 

15 

\ Aspartic acid 4- HCL 

0.87 

42.05 

39.22 

a 27’ 

' 16 

Basal. 

0.76 

40.23 

37.36 

“ 28 

17 

HCl. 

0,80 

20.13* 

39,46 

Dec. 5 

18 

Basal. 

0.78 

38.78 

37.40 


* 1 hour only. 
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The administration of another dose of hydrochloric acid resulted in the 
death of the animal, with all sjnmptoms of acid poisoning, a regrettable 
accident, since the observation on Nov. 28 was incomplete on account of a 
slight leak of oxygen during the 2nd hour. 

The higher respiratory quotients on the days of aspartic acid 
ingestion conform with expectations. 

The evidence found in Table II may be further summarized 
as follows so as to indicate the influence of the two factors, 
aspartic acid and hydrochloric acid: 


No. of * 

expori- 

mentH. 

Food. 

Calories. 

Indirect. 

Increase 

above 

basal. 

Direct. 

Increase 

above 

basal. 

5 

Basal. 

40.0 


39.0 


2 

HCl. 

42.5* 

2.5 

40.4 

1.4 

2 

Aspartic acid -f HCl. 

42.7 

2.7 

40.0 

1.0 


* One experiment only. 


It is evident from this talmlation that, although the administra^ 
Hon of hydrochloric acid may cause a slight increase of 2,5 calories 
(6 per cent) in the basal metabolism ^ the simultaneous administra- 
tion of 10 gm. of aspartic acid tvill cause no further increase. 

If one compares these results with computations of the first 
2 hours of the recorded metabolism after giving 5.5 gm. of 
glycocoll to Dog III," one arrives at the following table: 


Dog. 

Experiment 
No. ; 

Food. 

1 

Nin 

{(^. 

Calories. 

Indi- 

rect. 

In- 

crease. 




gm. 



Ill 

5, 6, 21 

Basal. 


39.6 



13 

Glycocoll, 5.5 gin. 

1.03 

43.3 

3.7 


9, 10, 14 

Alanine, 5.5 gm. 

0.87 

43.0 

3.4 

XVI 

11 

HCl. 


42.5 



12, 15 

Aspartic acid, 10 gm., HCl. 

1.05 

42.7 

0.2 


These experiments with aspartic acid corroh(yrate the former work 
with glutamic acid and indicate that the two dibasic acids occurring 


’ Lusk, J. Biol. Chem., 1915, xx, 568. 
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in protein exert no specific dynamic action upon metaholim. The 
increase of 17 per cent in the metabolism of a dog during the 
first hours after giving 50 gm. of glutamic acid, as observed 
by (Irafe, might be due to the large number of metabolites in- 
troduced into the circulation — ^just as 50 gm. of glucose would 
effect the same result. 


Influence of Asparagine. 

Owing to the insolubility of asparagine, it was given mixed 
with 25 gm. of fat. When glutamic acid was given with lard 
to a phlorhizinized dog^ the former was absorbed and converted 
into glucose within 12 hours after its administration, and this 


TABLE III. 


Date. 

Experi- 
ment No. 

Food. 

II. Q. 

N in 
urine. 

j 

Calories. 

Indi- 

rect. 

Di- 

rect. 

1918 

1 

* 


gm. 



Jan. 25 

11 

Basal. 

0.83 

0.220 

43.09 

37.53 

Feb. 11 

16 

Lard, 25 gm. 

0.82 

0.260 

45.781 


« 12 

17 

“ 25 ** -h asparagine, 15 gm. 

0.92 

0.340 

42.20 

44.39 

18 

21 

« 25 “ + “ 15 

0.88 

0.364 

45.06 

43.59 

21 

23 

« 25 “ 

0.80 

0.234 

45.29 

42.16 

“ 26 

25 

** 25 asparagine, 15 gin. 

0.88 

0.438 

45.31 

42.19 

28 

26 

Basal. 

0.83 

0.230 

43.09 

38.60 


older Work suggested the present procedure. In the present series 
of experiments evidences of the absorption of asparagine are found 
in the increased quantity of urinary nitrogen and in the consist- 
ently higher respiratory quotients obtained on the days of in- 
gestion of asparagine, which substance gives a respiratory quotient 
of unity. 

Table III presents the main results of the investigation of the 
influence on the heat production of Dog XVII of 15 gm. of as- 
paragine given with 25 gm. of lard, and of the latter alone. Re-^ 
suits are in 2 hour periods which began 1 hour after the ingestion 
of the substance. 

«lAi8k, Am. J. Physiol., 1908, xxii, 174. 



H. V. Atkinson and G. Lusk 


423 


It is‘ evident from Table III that the addition of 15 gm. of 
asparagine containing 2.8 gm. of nitrogen to a diet containing a 
small amount of fat has no effect whatever upon the heat produc- 
tion of a dog. It was established by Murlin and Lusk'^ that when 
glycocoll and fat are absorbed together the increase in the heat pro- 
duction amounts to the sum of the increases which either sub- 
stance alone would have produced. The increase in the metabol- 
ism of a dog during the 2nd and 3rd hours after the ingestion of 
20 gm. and of 10 gm. of glycocoll, as determined by Lusk,*^ may 
thus be summarized: 


Dog m. 


Glycocoll. 

N in food. 

IncreaBO 
in metaboliam 
during 2 hra. 

gm. 

gm. 

calorieH 

10 

1.9 

7.0 

10 

1.9 

8.8 

20 

3.7 

U.6 

20 

3.7 

13.8 


It is evident^ therefore j that asparagine a^id glycocoll, xvhich con- 
tain the same percentage quantity of nitrogen, behave very differently 
in rrietahoUsm, the first being wiihout specific dynamic action and 
the other exerting the most powerful specific dynamic action of any 
of the amino-adds contained in protein which have thus far been 
tested. Therefore, the specific dynamic action of protein is not due 
to the NH2 radicle of the amino-acid molecule. 

Influence of Succinic Acid, 

If the dibasic acid, glutamic acid, is oxidized, at the a-amino 
carbon position with cleavage of carbon dioxide, succinic acid 
would result. If in accordance with Ringer’s^ conception, this 
is the first intermediary product of the metabolism of glutamic 
acid, then the ingestion of this substance should show no pro- 
nounced effect upon the metabolism. That such is the case is 
borne out in Table IV, which shows the influence of 11.8 gm. of 
succinic acid dissolved in 200 cc. of water upon the heat production- 
of Dog XVII, periods of 2 hours. 

» Murlin, J. R., and Lusk, G., J, Biol. Chem., 1916, xxii, 16, 
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It is evident that 11.8 gm. of succinic acid, which is the amount 
that might have been derived from 14.7 gm. of glutamic acid, 
has no appreciable influence upon the metabolism of a dog. 

Since succinic acid would produce a respiratory quotient of 
1.14, higher quotients are observed on the days of its ingestion 
than on the days of basal metabolism. 


TABLE IV. 


Date. 

Experi- 
ment No. 

Food. 

R.Q. 

N in 

Calories. 

urine. 

Indi- 

rect. 

Direct. 

tm 

Feb. 28 

26 

Basal . 

0.83 

gm. 

0.230 

43.29 

38.G0t 

Mar. 4 

28 

u 

0.81 

0.212 

43.83 

39.74t 

“ 7 

29 

Succinic acid, 11.8 gm. 

0.87 

0.280 

43.98 

44.28 

“ 8 

30 

Basal. 

0.81 

0.202 

41.05 

37.86t 

“ 9 

31 

Succinic acid, 11.8 gm. 

0.93 

0.147* 

21.07* 

20.60* 

“ 12 

32 

Basal. 

0.80 

0.194 

41.21 

39.48 


* 1 hour only, 

t First hour low. It is probable that the divergence between the in- 
direct and the direct calorimetry, was due to the fact that the iron work of 
the calorimeter was not fully warmed at the beginning of the cx{>eriment. 
The room was allowed to get^cold each night. 

Influence of Acetamide ^ 12 Gm. 

Acetamide is a chemical isomer of glycocoll and, according to 
Grafe, is deaminized after ingestion by a man and increases the 
heat production. In the dog it is neither deaminized nor does it 
increase the heat production. The latti^r fact appears from Table 
V, which shows the effect of 12 gm. of acetamide ( = 2.04 gm. N) 
dissolved in 200 cc. of water upon the heat production of Dog 
XVII, Results are in 2 hour periods which began 1 hour after 
the ingestion of the substance. 


TABLE v. 


Date. 

Experi- 
ment No, 

Food. 

R. Q. 

N 

in urine. 

Calories. 

Indirect. 

Direct. 

i9I8 

Mar. 12 

32. 

Basal. 

O;80 

gm. 

0.194 

41.21 

39.48 

« 14 

34 

Acetamide, 12 gm. 

0.87 

0,380 

39.83 

38.a3 

“ 15 

35 

Basal. 

0.88 

0.270 

40.82 
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Influence of Citrate of Ammonium^ 6 Gm,. 

When 6 gm. of citrate of ammonium, containing 1.04 gm. of 
nitrogen, were given to the dog in one experiment there was no 
appreciable increase in the metabolism. As the caloric value 
of the substance was unknown, the exact heat production could 
not be estimated, but using the ordinary procedure, the indirect 
heat production for 2 hours may be calculated as follows: 


Date. j 

Experiment No. 

Food. 

Calories. 

1B18 




Jan. 25 

11 

Basal. 

43.09 

29 

12 

Ammonium citrate, 6 gm. 

44.76 


This rise of 1.65 calories (which is within the limits of error 
in the determination of the basal metabolLsm of a dog) may be 
compared with one of 3.7 calories already cited as having been 
produced after giving 5.5 gm. of glycocoll containing 1.03 gm. of 
nitrogen. 

SUMMARY. ^ 

It has been shown that 200 cc. of 0.4 per cent of hydrochloric 
acid may slightly increase the metabolism of a dog; that aspartic 
acid and asparagine exert no specific dynamic action upon metab- 
olism in the sense that glycocoll and alanine do; that succinic 
acid (a possible intermediary metabolite of glutamic acid) is with- 
out the power to increase the heat production, which accords 
with the previously determined behavior of glutamic acid; that 
acetamide is not deaminized by the dog nor does it increase the 
heat production of the animal. 

The conclusion formerly expresvsed that the processes of deami- 
nation and urea formation have nothing to do with the specific 
dynamic action of protein is upheld by these later researches. 

Some assistance was given in accomplishing this work by second 
year medical students: Messrs. T. M. French, H. B. Adams, M. 
M. Harris, A. G. Davidson, W. 1. Galland, and H. E. Montero. 

THB JOtmNilL OF u;OLaolCALOH1BMtaTftY. VOL. XXXVl, NO. 2 
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Animal Calorimetry 


TABUS VI.— Oen»‘o^ 




h 

F 


i 



1 

Urine, 
basal N. 

Non- 

Calories. 

Date. 

Time. 

co« 

Ot 

R,Q. 

H»0 

protein 

Pro- 

tein. 

Amino- 

aoid. 

Non- 

protein. 

itir \ 


p.m. 

gm. 

gm. 


gm. 

gm. 





Nov. 

12 

10 ! 

2.4<M.40 

13.13 

12.25 

0.78 

21.12 

0.168 

0.78 

4.46 


36.21 


14 

11 1 

2.66-4.56 

13.81 

12.83 

0.78 

20.79; 

0.228 

0.80 ’ 

6.04 


36.44 


19 

12 

1 

3.11-5,11 

16.37 

13.06^ 

0.86 j 

1 

21.45 

(0.168) 

0.72 

4.46 

11.56 

26.47 

<< 

21 

13 

2.36-4.36 

12.40 

11.79 

0.76 

19.39 

0.160 

0.76 

4.24 


34.70. 


23 

14 

2. 3^.33 

12.59 

12.65 

0.72 

24.94 

0.2(K) 

0.71 

5.30 


35.98 

u 

26 

15 

3.0(H>.06 

15.75 

13.12 

0.87 

18.98 

(6.200) 

0.75 

5.30 

11.56 

25.99 


27 

16 

2.32-4.32 

12.71 

12.21 

0.76 

15.29 

0.192 

0.76 

5.10 


3^3 


28 

17 

3.10-4.10 

6.67 

6.06 

0.80 

9.94 

0.123 

0.80 

3.26 


1^7 

Dec. 

f) 

18 

2.03-4.03 

12.01 

11.68 

0.79 

18.47 

0.180 

0.78 

4.78 


34.00 


TABU! VIL— General 


Date. 

•i « 

Time. 

COt 

f 

Oi 

# 

R.Q. 

HiO 

Urine, 
basal N. 

Non- 

pro- 

tein 

R.Q. 

Calories. 

Pro- 

tein. 

Special 

sub- 

stance. 

Non- 

protein. 

iPIS 


p.fn. 

gm. 

gm. 


gm. 

gm. 





Jan. 

25 

u 

2.00-4.00 

14.63 

12.86 

0.83 

17.26 

0.220 

0.83 

5.84 


37.25 

« 

29 

12 

2.08-4.08 

15.82 

13.20 

0.87 

19.20 

(0.220)* 

0.88 

5.84 


38.92 

Feb. 

11 

16 

3.03-4.03 

15.37 

13.71 

0.82 

17.03 

0.260 

0.82 

6.90 


38.88 


12 

17 

1.16-3.16 

16.07 

12.80 

0.92; 

18.59 

(0.260) 

0.88 

6.90 

16.40 

19.90 


18 

21 

2.22-4.22 

16.58 

13.71 

0.88 

17.58 

(C.llO) 

0.82 

5.84 

16.40 

23.82 

u 

21 

23 

1.49-3.49 

15.01 

13.60 

0.80 

15.18 

0.234 

0.80 

6.20 


39.08 

t< 

25 

25 

1.25-3.25 

16.73 

13.78 

0.88 i 

17.33 

(0.234) 

0.83 

6.20 

15.40 

23;ri. 

** 

28 

26 

1.19-3.19 

14.78 

12.90 

0.83 

17.00 

0.2^ 

0.84 

6.10 ‘ 


37.19 

Mar. 

4 

28 1 

12.52-2.62 

14.64 

13.13 

0.81 

16.38 

0.212 

0.82 

5.62 


88.21 


7 

29 

12.29-2.29 

16.99 

13.67 

1 0.90 

23.85 

0.280 

.0.71 

7.42 

17.85 

18.71 


8 

30 

12.33-2.36 

13.93 

12.47 

0.81 

16.43 

0.202 

0.81 

5.36 


36,1^1 

a 

9 

31 

12.13-1.13 

8.27 

' 6.54 

0.95 

I 9.06 

(0.147) 

0.78 

3.90 

8.92 


u 

12 

32 

12.43-2.40 

13.63 

12.37 

0.80 

16.76 

0.194 

0.80 

5.14 


36.(W? 

K 

14 

34 

12.23-2.23 

14.00 

11,76 

0.87 

1.7.43 

(o.m) 

0.87 

5.14 


34.69 

t< 

15 

35 

12.13-2.13 

14.56 

12.07 

0.88 

16.18 

0.136 

0.89 

7.16 


33,66 

! Lha-U;’.: 


* Nitrogen values in parentheses are assumed from nearby records of the ; 
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Summary of Dog XV L 


Calories. 

Body temperature. 

Morn- 

ine 

weight. 

Behavior 
of dog. 

P'ood. 

Total 

calcu- 

lated. 

Total 

found. 

Start. 

End. 

Differ- 

ence. 



X\ 

X. 

X. 

kg. 



40.67 

40.65 

38.48 

38.29 

-0.19 

10.5 

Quiet. 

Basal. 

42.48 

41.38 

38.78 

38.47 

-0.31 

10.8 

iC 

2 p.m., 200 CO. 0.4 per cent HCl. 

42.49 

40.54 

38.47 

38.26 

-0.21 

10.8 


2.20 p.m., 10 gm. aspartic acid -f 








200 cc. 0.4 per cent HCl -f 0.2 








gm. meat extract. 

38.94 

38.84| 

38.56 

38.45 

-0.11 

' 10.6 

u 

Basal. 

41.28 

40.89 

38.60 

38.36 

-0.24 

10.7 

u 


42.85 

39.22 

38.51 

38.30 

-0.21 

10.9 

u 

2.10 p.m., aspartic acid as above. 

^40.23 

37.36 

38.67 

38.54 

-0.13 

10.7 

M 

Basal, 

20.13 

18.34 

e38.69 

38.49 

-0.20 

10.7 

u 

2 p.rn., 200 cc. 0.4 per cent HCl. 

38,78 

37.40 

38.35 

38.45 

-0.10 

> 10.9 

<( 

Basal . 


Summary of Dog XVI J. 


Calories. 

Body temperature. 

Morn- 

ing 

weight. 

Behavior 
of dog. 

Food . 

Total 

calcu- 

lated. 

Total 

found. 

Start. 

Eud. 

Differ- 

ence. 



X!. 

Y,'. 

•c. 

kg. 



43.09 

37.53 

38.35 

38.17 

-0. 18 

14.7 

Quiet. 

Basal. 

44.76 

44.24 

38.44 

38.37 

-0.07 

14.9 

“ 

12 m., 12.30, and 1 p.m., in 3 por- 








tions, 6 gm. ammonium citrate 








in 200 cc. water. 

45.78 





14.7 

u 

1 p.rn., 25 gm. lard. 

42.20 

44.39 

;i8.:^ 

38.43 

4-0.05 

14.7 

“ 

12.35 p.m., 15. gm. asparagine 4 








25 gm. lard. 

45.06 

43.59 

38.51 

38.45 

-0.06 

14.8 


1.35 p.n»., asparagine as above. 

45.29 

42.16 

38.28 

38.34 

40.06 

14.8 

« 

1.10 p.m., 25 gm. lard. 

45.31 

42.19 

38.30 

38.36 

40.06 

14.8 

« 

12.35 p.m., asparagine as above. 

43.09 

38.60 

: 38.;i0 

38.24 

-0.06 

14.8 

n 

Biisal. 

43.83 

39.74 

38.44 

38,27 

-0.17 

14.9 

t< 

it 

43.98 

44.28 

1 38.58 

38.36 

1-0,22 

i 16.1 

« 

31.40 a.m., 11.8 gm. succinic acid 



t 


i 

i 


in 200 cc. water at 39 T. 

41.66 

37.86 

38.30 

38.09 

-0.21 

15.0 

ti 

Basal. 

2r.07 

20.60 

38.14 

38.20 

40.06 

15.1 

u 

11.30 a.m., succinic acid as above. 

41.21 

39.48 

38.36 

38.30 

-0\06 

15.0 

u 

Basal. 

39.83 

38.03 

38.08 

37.91 

-0.17 

15.1 

It 

11.45 a.m., 12 gm. acetamide in 








2(K) cc. water. 

40.82 

36.98 

38.26 

38.19 

-0.07 

15.0 

u 

Basal . 


values. 




THE SULFUR REQUIREMENT OF THE 
RED CLOVER PLANT.* 

By W. E. TOTTINGHAM. 

{From the Laboratory of Agruidlural Chemistry ^ University of Wisconsin, 

Madison.) 

Plate 1. 

(Received for publication, September 23, 1918.) 

Several years ago, Hart and Peterson^ called attention to the 
apparent deficiency of sulfur in certain types of soil, as related 
to the demands made upon this element by some species of agri- 
cultural plants. More recently, Hart and the widter'^ have 
reported increased production of dry matter by plants of various 
species which had received calcium and sodium sulfates in soil 
cultures conducted in a greenhouse. This effect was particularly 
striking in the case of common red clover (TrifoUum pratense), 
which gave a greater response to calcium sulfate than to sodium 
sulfate. Other investigators, notably Shedd,'^ have obtained 
similar beneficial effects from sulfates with soil cultures. Pitz^ 
devoted special attemtion to the effects of calcium sulfate upon 
the growth of red clover. He found that the development of 
red clover bacteria, as well as of the young host plant, was stim- 
ulated by this source of sulfur. 

The present paper deals with the response of the common red 
clover plant to different forms and planes of sulfur supply, under 
conditions better controlled than the ordinai*y soil culture. As 
nutrient medium, use has been made of the well known nutrient 

* Published with the permission of the Director of the Wisconsin Agri- 
(‘ultural Experiment Station. 

‘Hart, E. B., and Peterson, W. H,, J. Am, Chem. Soc,, 1911, xxxiii, 
549. 

* Hart, E. B., and Tottingham, W. E., J. Agric. Research, 1910, v, 233. 

* Shedd, 0. M., Kentucky Agric. Exp. Statio7i, Bull. 174. 1914, 595. 

* Pitz, W., J. Agric. Research, 1916, v, 771. 
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solution of Knop/* with a total salt concentration of 0.2 per cent, 
by volume. It is quite possible that this solution may be im- 
provf'd for the growth of clover by readjusting its salt content, as 
Shive and also the writer have found with wheat;® but, until such 
readjustment should be tested, it seemed to be as suitable for the 
present purpose as any other nutrient solution. 

The methods followed with the watc'r cultures were those pre- 
viously employed by the writer,® except that the seeds were 
germinated in pure sand, instead of over water, until the seedlings 
were large enough for fixing in the culture vessels. About 
10 days were required for this stage of development. In order 
to avoid the high hydrogen ion content which would result from 
the use of KH2PO4 as the only source of phosphorus, this salt 
and K2HPO4 were added to the solution in equimolocular pro- 
portions, each in one-half the usual molecular concentration of 
the KH2PO4. Where CaS04 and CaCOa were employed they 
were added in the solid form when the solution was transferred 
to the ciulture vessels. Plach culture vessel (1 pint jar of the 
Mason pattern) had a capacity of about 425 cc. and supported 
nine seedlings at the beginning of each culture series. The 
nutrient solutions were renewed after intervals of 3 days. 

The plan of treatment of the solutions involved both the par- 
tial and complete replacement of Mg^04 with Mg(N() 3 ) 2 . To 
the* sulfur-free solution produced in the latter case, sulfur was 
also restored in the fomi of cither Na2S04 or CaS04, each being 
made molecularly equivalent to the MgS04 of the unmodified 
Knop solution. Still other portions of the sulfur-fr(‘c solution 
were modified by adding either NaNOs or CaCOs, in twice mo- 
lecular and molecular proportions respectively, as compared 
with the usual amount of MgS04. These last modified solutions 
served as controls for determining the effects of the sodium and 
extra calcium added elsewhere in the fqrm of sulfates. 

The method followed with the sand cultures was that of irri- 
gation with a renewed nutrient solution,, as previously empiloyed 
by McCall.^ Glazed, stoneware jars, about 16.0 cm. in diameter 

^ Knop, W., handw. V ersudmla., 1865, vii, 93. 

Tottingham, W. E., Physiol. Itesearche&y 1913-17, i, 133. Shivo, J. 
W., ibid., 327. 

’ McOal), A. G., Soil Science^ 1916, ii, 207. 
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and 11.0 cm. deep (2 quart jars), which conveniently held 3.5 
kilos of fine sand, were employed as culture vessels. The inner 
surface of these jars was coated with paraffin, to prevent con- 
tamination of the nutrient solution by solutes from the stone- 
ware. The sand employed consisted of spheroidal particles, 
most of which passed through a sieve with 70 meshes to the inch 
but were retained by one of 80 meshes. It was the product 
designated ‘T^anding sand’^ by the Ottawa Sihea Company of 
Illinois. Although containing only tracer of impurities, it was 
washed thoroughly with water before use. For the purposes of 
maintaining alkalinity aiKi supplying iron, 3.0 grn. of CaCOj 
and 1.0 gm. of F('20i were mixed with the portion.of sand for each 
culture. Phosphorus was added to the nutrient solution in the 
form of K2HPO4. The application of nutrient solution was 
gradually increased from 25 to 100 cc. per culture at each renewal, 
and the period between renewals was gradually reduced from 
4 to 2 days. As measured by HilgaixPs method,® the water- 
holding capacity of th(‘ sand here employed was 23.4 per cent, 
by weight. By daily weighings, in connection with the use of a 
suction pump, the plane of total water content of all of the cul- 
tures was made uniform and w^as increased gradually from 20 to 
22 per cent, by weight, of the dry sand. It was possible to meas- 
ure approjeimately the loss of water through the plants, as the 
seedlings and irrigating funnel were sealed about with a mixture 
of vaseline and paraffin, but the data obtained showed no signi- 
ficant variations. 

As none of the plants produced flowers in any of the culture 
series, it was difficult to select a stage of growth approximating 
maturity. Each series was harvested, however, when pro- 
nounced death of the basal leaves seemed to indicate a decided 
decline of growth with all of the cultures. After determining the 
average length of the three or four longest roots, and washing the 
latter parts, the plants were severed at the crown of the roots. 
The tops and roots were then dried at about lOO’^C., for weighing. 
Except in the case of the sand cultures, the finely ground tops: 
of the duplicate cultures were mixed for determining the average 
nitrogen content. In some cases, determinations of nitrogen in 


Hilgard, E. W., Soils, New York, 1906 , 208-209. 
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the form of nitrates were also made. Total nitrogen was deter- 
mined by the Gunning method® and nitrate nitrogen was deter- 
mined by precipitation with nitron.^® It seemed possible that 
the data derived from these analyses would indicate disturbances 
of protein synthesis, which might follow deficiencies in the sulfur 
supply of these clover plants. 

Series 1 was conducted with water cultures. It covered a much 
longer period of growth than the succeeding series. After 37 
days of growth the cultures were transferred to jars of a capacity 
of about 850 cc. (1 quart jars of tfee Mason pattern). The widely 
varying number of plants which survived in the different cultures 
tends to make the results of questionable value. However, the 
latter are unchanged in general trend if considered on the basis 
of unit plant per culture; and they are confirmed, in some re- 
spects, by the succeeding and more uniform series. The results 
appear in Table I. 

Series 2, also conducted with water cultures, was disturbed by 
attacks from thrips. This may account partly for its compara- 
tively early apparent maturing. Its more restricted growth 
period may, in turn, account for its less marked differences in 
yields, as compared with the other series. The ^esult^ of this 
series appear in Table II. 

Series 3, conducted with sand cultures, reached apparent ma- 
turity comparatively quickly. The seedlings were 10 days older 
than usual when transferred to the cultures, having be<in nour- 
ished for this period by irrigation with the sulfur-free modifica- 
tion of Knop’s solution. Only six plants were started in each 
culture. The entire series was conducted upon a rotating table, 
after the manner of Shive’\ to render uniform the effects of 
aerial environment with all of the cultures. The results appear 
in Table III. 

A comparative survey of the results of these three series of 
cultures shows that 0.9 of the usual amount of MgS 04 in Knopfs 
solution could be displaced, under the conditions of the water 

® Official and provisional methods of analysis, Assn. Official Agric. 
Chemists, U. S, Dept. Agrie., Bureau of Ckem,, Bull. 107 (revised), 1907. 

. Treadwell, F. P., Analytical chemistry, New York, 4th edition, 
1915, ii, 451-453. 

Shive, Physiol. Researches, 1913-17, i, 344-345. 
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434 Sulfur Requirement of Red Clover 



* Avera^ value of duplicate cultures, 
t Converted to equivalent for nine plants. 



TABLE ni. 
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^ <M 


CO 


CD 


t>. 00 


t Air-dried; containing sand. 
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cultures, without seriously disturbing the growth of the red 
clover plant. In the sand cultures, displacement of 0.99 of the 
usual amount of MgS04 led to a considerably decreased produc- 
tion of dry matter of the stems and leaves. Displacement of 
the total MgSO^ led to decreases of 33 to 49 per cent in the pro- 
duction of dry tops in the various culture series. Addition of 
sulfur to the modified sulfur-free Knop's solution, in the forms of 
Na2S04 and CaS04, resulted in increased growth of the tops of 
the clover plant. In the majority of these cases the growth was 
decidedly superior to that with the immodified Knopfs solution. 
The results of the control cultures with NaNOs and CaCOa 
show that this effect is not attributable to the cations of these 
added sulfates, when supplied in certain other salts. 

As regards the roots, the results are extremely variable. With 
the water cultures of Scries 1 the effect of the various sulfates 
was to reduce the length of roots, as compared with the sulfur-free 
modification of Knopfs solution, but this was not true of the 
other series of cultures. 

The amount of nitrogen absorbed by these cultures fluctuated 
more or less parallel to the yields of dry tops, both of these values 
decreasing with the decrease of sulfur supply. It would seem 
logical to conclude that a deficiency of sulfur here operated to 
decrease the synthesis^ of protein and restrict the elaboration of 
plant tissue, with a concomitant decrease in the assimilation of 
nitrogen from the culture medium. That the percentage of 
assimilation of the absorbed nitrogen was not greatly different in 
the various cultures of each series here dealt with, is shown by 
the following percentages of the total nitrogen in the form of 
nitrate, as determined by analysis: Series 1, Cultures 1 and 2, 
7.2 per cent; Cultures 3 and 4, 11.0 per cent. Series 3, Cultures 
1 and 2, 7.5 per cent; Cultures 5 and 6; 6.2 per cent; Cultures 
7 and 8, 7.5 per cent. 

On the whole, the results of these cultures show a superiority 
of Na2S04 and CaS04 over MgS04, as sources of sulfur for the 
red clover plant in water and sand cultures. This might be 
expected to follow the known toxic properties of magnesium salts. 
In harmony with the results previously reported from sCil cul- 
tures^ CaS04 has proved an especially efficient source of sulfur. 
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In view of the fact that all of the nutrient media which here 
supplied sulfur were liberally supplied with calcium, it appears 
that CaS04 had peculiar efficiency as a molecular complex. 

SUMMARY. 

The data presented here show that, for these experimental 
conditions, between 0.1 and 0.01 of the usual amount of MgS04 
of Knopfs solution was as efficient as the usual amount for the 
growth of red clover, when the balance of the MgS04 was re- 
placed by Mg(N03)2. The yield of dry tops of this plant was 
only one-half to two-thirds as great with MgS04 wholly replaced 
t>y Mg(N03)2 iis with the unmodified Knopfs solution. Addition 
of Na2S04 and CaS04 to the sulfur-free modification of Knopfs 
solution, in amounts equivalent to the sulfur of the unmodified 
solution, produced yields of dry tops superior to those of the 
latter solution. In this respect, CaS04 was very efficient. From 
the nature of the various nutrient media employed, it appears 
that the sulfur of this salt functioned in the molecular combina- 
tion in which it was supplied. The more or less parallel fluctua- 
tions of plane of sulfur supply, weight of nitrogen assimilated, 
and yield of dry tops, of these clover plants, indicate that a 
deficiency of sulfur supply restricted growth by limiting the 
synthesis of f)rotein. 



EXPLANATION OP PLATE 1. 

Fig, 1. Series 1. Water cultures of Ttifolium prateme after 99 days of 
^growth- Plante I and 2, unmodified Knopfs solution. Nos. 5 and 6, total 
MgSO^ of Knopfs solution replaced by Mg(N03)2. Plants 7 and 8, same 
as Nos. 6 and 6, plus Na2S04 — MgS04 of Knop’s solution. Plants 11 and 
12, same aaNos. 6 and 6, plus CaS04 MgS04 of Knop's solution. Plants 
13 and 14, same as Nos. 5 and 6, plus CaCOs — MgS04 of Knopfs solution. 

Fig. 2. Series 3. Sand cultures of Trifolium prateme after 53 days of 
growth. Plants 1 and 2, unmodified Knop’s solution. Nos. 3 and 4, 
0.,99 of MgS04 of Knop’s solution replaced by Mg(NOj)2. Plants 5 and 6, 
total MgS04 of Knop’s solution replaced by Mg(NO#)a. Plants 7 and 8, 
same as Nos. 5 and 6, plus CaS04 MgS04 of Knop’s solution. 
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STUDIES OF EXPERIMENTAL SCURVY. 


III. THE INFLUENCE OF MEAT AND VARIOUS SALTS UPON THE 
DEVELOPMENT OF SCURVY.* 

By W. PITZ. 

(From the Laboratory of Agricultural Chemistry, University of Wisconsin, 

Madison.) 

(Received for i)ublication, September 24, 1918.) 

Gerstenberger^ in a recent paper upon scurvy attributes the 
cause of the disease entirely to a deranged calcium metabolism. 
He states: ^^But it has seemed to me, in view of the known data 
regarding the pathology, cherjiistry and symptomatology of scurvy 
on the one hand, and regarding the important function played by 
calcium in bone growth, nerve conduction, vessel sealing, and cell 
permeability on th(^ other, that all of these different system 
symptoms might be explained on the common basis of an interfer- 
ence with one or more of the normal functions of calcium and 
its physiological anion in the osseous system, vascular system, 
nervous system, muscular system and probably other systems.’^ 
That calcium can play an important part in scurvy prevention is 
shown by the evidence prestmted in this paper, but that its me- 
tabolism alone is involved is questionable in the light of previous 
work from this laboratory Gerstenberger questions whether 
the guinea pigs that McCollum and I reported upon had only 
scurvy, and is of the opinion that they may also have had 
rickets. Our guinea pigs had the symptoms that in the litera- 
ture are described as being characteristic of scurvy. 

It is possible that the guinea pigs, or at least some of them 
may have had botli scurvy and rickets. In my work I have found 
that guinea pigs kept on the same ration do not always show the 
same symptoms, but that they vary to a certain degree. This 

* Published with the permissicn of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

‘ Gerstenberger, H. J,, Am. J. Med. Sc., 1918, civ, 253. 

* McCoUum, E. V., and Pita, W., J. Biol. Chem., 1917, xxxi, 229. 

* Pita, W., J. Biol. Chem., 1918, xxxiii, 471. 
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has brought doubt in my mind as to whether or not what is com- 
monly called scurvy in guinea pigs may not in reality be a com- 
plication of symptoms that overlap both scurvy and rickets, 
since both have a number of features in common. 

Baumann and Howard^ in a study of the mineral metabolism of 
normal and scorbutic guinea pigs found that all elements except 
magnesium and chlorine showed a negative balance during the 
scorbutic period. Bahrdt and Edelstein^ in a chemical analysis 
of bones from severe cases of scurvy found a distinct deficiency 
of calcium and phosphorus in the bones and muscles. Lust and 
Klocman® on the other hand, found that in a severe case of scurvy 
in an infant there was a retention of calcium, phosphorus, and 
chlorine, and especially of calcium during the active stage of the 
disease. During the convalescent stage of the case they found a 
negative mineral balance produced by the excessive excretion of 
salts and finally that in the period* of healing the mineral bal- 
ance was positive, except in the case of calcium, which was still 
negative. The differences in the findings of the above investiga- 
tors is explained by Gcrstenberger who showed that there is an 
increase in the calcification at FrankePs line, indicating that scurvy 
is not a calcium deficiency disease; that while there is an excess of 
calcium deposited at that part of the bone at which endochondral 
growth takes place under normal conditions, there is nevertheless 
in all probability not so much calcium in the bone as a whole in 
advanced stages of scurvy as there would be in the normal bone; 
because, first, the bone has ceased to grow entirely or at any rate 
does not grow so rapidly as under normal conditions, and second, 
the normal process of resoiption is going on, producing a rarefica- 
tion and brittleness with consequent loss of material. 

Hess and Fish^ have shown that the blood of infants suffering 
with scurvy shows a slight diminution in clotting power but this 
defect did not seem to be the result of an insufficiency of calcium. 
There was also an increased permeability of the vessel walls. 
Calcium is known to have a distinct function in controlling the 


* Baumann, L., and Howard, C. P., Am. J. Med. Sc., 1917, cliii, 650. 
® Bahrdt, H., and Edelatoin, F., Z. Kinderh., 1913, ix, 416. 

*Lust, F., and Klocman, L., Jahrh. Kinderh,, 1912, Ixxv, 663. 

^ Hess, A. F,, and Fish, M., Am. J. Die. Child., 1914, viii, 385. 
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permeability of animal membranes,*" ’^ and any interference with 
this function of calcium would increase the permeability of such 
membranes. Evidence of an increased permeability of the intes- 
tinal walls is sliown by the fact that the blood serum of some 
guinea pigs suffering with scurvy gives positive precipitin tests 
to the proteins contained in the ration. This will be discussed in 
detail below. 

A number of investigators have attempted to prevent the de- 
velopment of scurvy by the administration of phosphorated cod 
liver oil and tricalcium phosphate. Holst and Frdhlich^® fed 
guinea pigs calcium in different forms without getting any bene- 
ficial results, and Gerstenberger' fed cod liver oil containing tri- 
calcium phosphate, but without result. However, I have been 
able to protect guinea pigs against scurvy for 18 weeks by the 
ingestion of meat and tricalcium phosphate in a ration of rolled 
oats and milk. When tricalcium phosphate was fed in the above 
ration without the meat there was some beneficial effect noticed 

.|r 

but it was not nearly so pronounced as when meat was introduced. 

Hart, Miller, and McCollum^'^ found that pigs fed a ration of 
corn, wheat middlings, oats, and oil meal, with a small quantity 
of roots and alfalfa hay included daily, grew at a slow rate for 
4 to 5 months, aftef which growth ceased and the animals passed 
into a poor condition accompanied by lack of muscular coordi- 
nation, emaciation, and labored breathing. The animals were 
unable to stand. When 1 per cent of commercial meat scraps 
was added to the above ration the animals grew at a normal rate, 
were vigorous, and in splendid condition, but the young were 
carried 1 or 2 weeks over time and were born dead. When 5 
per cent of meat scraps was added the animals grew at a normal 
rate, were in excellent condition, and gave birth to fairly good 
litters. Some of the young, however, were weak and died. The 

* Chiari, R., Arch. exp. Path. u. Pharrnakol., 1910, Ixiii, 434. 

^ Chiari, R,, and Januschke, H., Arch. exp. Path. u. Pharmakol.^ 1911, 
Ixv, 120. 

Overton, E., Arch. gea. Phyaigl., 1904, cv, 176. 

IfOeb, J., J. Biol. Chem., 101$, xdu, 139. 

Loeb, /. Biol. Chem-i If 15, x»ii, 423. 

Holst, A., and FrOlich, Hygi. u. Infekiiomkrankh., 1912, Ixxii, 1. 

Hart, E. B., Miller, W. S.> s«i4 McCollum, E. V., J. Biol. Chem., 1916, 
xxv» 239. 
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remarkable influence of the meat scraps is attributed by Professor 
Hart to an improvement of the proteins and to an appreciable in* 
crease in the calcium and phosphorus content of the ration through 
the introduction of bone material in the meat scraps. It was be- 
cause of the splendid supplementary action of the meat scraps as 
shown by the work quoted above that the author investigated the 
effect of meat and tricalcium phosphate upon the development of 
scurvy. 

The meat used in these experiments was lean beef that was ob- 
tained at a local butcher shop. The fat and connective tissue were 
cut away and tlie lean beef was put through the meat chopper. 
It was then dried in shallow granite pans over steam coils. After 
the meat was dry it was again ground in the meat chopper and 
stored in a tightly stoppered bottle. The rolled oats were ground 
up fine and the meat and salts mixed into it, so that the animals 
could not sort out any of the ingredients of the ration. All the 
animals in these experiments received fresh milk wj^ich was fed 
nd. libitum . 

Chart 1, Lot 80, shows the effect of the ingestion of 5 per cent 
of dried meat in the rolled oats and milk ration. All the ani- 
mals on this ration developed scurvy during the 4th and 5th 
weeks except No. 5. 'Hiis guinea pig died at the end of the 3rd 
week and showed lesions of scurvy. The other animals, although 
they developed scurvy during the 4th and 5th weeks, lived for a 
considerable time but did not gain in weight. Animals 7 and 8 
were killed at the end of the 17th week. The meat apparently 
did not delay the onset of the disease to an appreciable degree since 
animals fed rolled oats and milk will develop scurvy during the 3rd 
and 4th weeks. The meat didy however, greatly prolong the life of 
these animals, since guinea pigs fed on a diet of rolled oats and 
milk seldom live more than through the 5th week. The meat 
may have supplemented the proteins of the oat and milk ration, 
or it may have acted as a stimulant to the appetites of the ani- 
mals. One can hardly see how the meat served as an antiscorbutic 
in a capacity similar to phenolphthalein or mineral oil, as pointed 
out in a previous paper. One can, however, surmise how it may 
have supplemented a partially incomplete and already deficient 
intake of protein and thereby infjreased the constitutional re- 
sistance of the animal, and how it may also have stimula^ appe- 
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tite with its resultant flow of digestive juices and concurrent 
proper alimentation. The element of increased resistance is not 
to be overlooked, especially when it is noted that while the time 
of onset of the disease was not delayed the period of life was pro- 
longed considerably. It is certain that the protein intake on 
the basal ration of rolled oats and milk was far from satisfactory. 
In an experimental group of animals kept on sand to avoid con- 
sumption of litter a careful record of the proportionate amounts of 
food consumed indicated a protein intake equivalent to 10.2 per 
cent of the solids in the ration. Of this amount of protein 7.7 
per cent was oat proteins and 2.5 per cent milk proteins. A com- 
parison of the records of this group of animals with the records 
of animals given in Charts 3, 13, 14, and 15 demonstrates beyond 
a doubt that the meat acted primarily in improving and raising 
the level of the proteins of the ration. vSince meat did not delay 
the onset of the symptoms of scurvy but did prolong the life of 
the animals it is highly probable that the inadequate nature or in- 
sufficient amount of proteins in the oat and milk ration may have 
been as much the cause of the death of the animals suffering from 
scurvy as was the disease. The food consumption of animals 
suffering with scuiwy is very small during the active stages of the 
disease and the protein consumption is low at that time. 

The guinea i)igs in Chart 2, Lot 90, received a ration of rolled 
oats, meat, tri calcium phosphate, and milk during Period I. 
Three of these animals remained in excellent condition for 18 
weeks and grew at a slow rate during that time. The animals 
were active, their food consumption was high, and they appeared 
normal in all respects. Animal 4 died at the end of the 4th week, 
but postmortem examination failed to show any of the character- 
istic lesions of scurvy. The tract of the animal was empty and it 
probably died of starvation. Animal 5, which was started the 
l3th week, showed slight symptoms of scurvy during its 5th 
week on the ration. It also had prolapse of the rectum. During 
the l8th week all animals lost weight and all but No. 1 devel- 
oped scurvy. No. 2 died during the 19th week. In Period II 
1 per cent of sodium chloride was added to the ration. The ani- 
mals immediately improved in appearance, became more active, 
regained their appetites, and increased in weight, but the symp- 
tbins of scurvy remained. From the 18th to the 20th week the 
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food consumption of this group of animals had fallen off rapidly, 
but when NaCl wavS added to the ration their food consumption 
increavsed. 4 weeks after the introduction of NaCl into the ra- 
tion the guinea pigs again began to lose weight and Animal 5 
died 5 weeks later. It showed severe lesions of scurvy. Nos. 1 
and 3 were killed at the end of the 30th week. Animal 1 did not 
show any lesions of scurvy but No. 3 did. The decided improve- 
ment of this ration over that of one of oats and milk is due in 
part to the 5 per cent of meat contained in the ration as shown 
by Chari 1, Lot 80, but whereas the animals in Lot 80 developed 
scurvy during the 4th and 5th weeks only two of the five animals 
in this group (No. 4 died at the end of the 5th week) developed 
scurvy before the 18th week. Clearly then the delay in the de- 
velopment of the disease was due to the 1 per cent of tricalcium 
phosphate in the ration. Calcium is known to function in main- 
taining normal permeability of animal tissues and it is in this 
capacity that the calcium probably acted. That there is an in- 
crease in the permeability of the intestinal and vessel walls of in- 
fants and guinea pigs suffering with scurvy is an established fact, 
and since calcium phosphate delayed the onset of the disease for a 
considerable time, the supposition seems justified that the calcium 
acted in maintaining nonhal permeability of these tissues and 
thus lessened the absorption of toxic products from the ceciun and 
large intestine. 

Calcium phosphate was found to be superior to other calcium 
salts, except perhaps calcium chloride, in delaying the onset of the 
symptoms of scurvy (see Charts 7, 8, 9, and 11). Since there is 
an abnormal accumulation of calcium at Frankehs line, as shown 
by previously cited work, the calcium for this abnormal calcifi- 
cation may have been supplied by the calcium phosphate in the 
ration, because it is principally calcium phosphate that is con- 
cerned in bone formation; for this reason other calcium salts would 
not be as efficient. The case of calcium chloride will be discussed 
later in this paper. 

During the disease the digestive tract is in an abnormal condi- 
tion, the cecum and large intestine are greatly distended with 
putrefying feces, and normal peristalsis is interfered with. We 
m^ expect at the same time a decreased secretion of gastric 
j^e and as a result a deficiency of HCl. The abnonnal retention 
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of chlorine found to exist in an infant suffering with scurvy as 
reported by Lust and Klociuan® indicates an abnormality in 
chlorine metabolism. That an actual deficiency of chlorine did 
exist in the ration fed these guinea pigs is shown by the fact 
that the ration contained only 0.075 per cent of ciilorine. Dr. 
Babcock‘S showed that when milch cows were deprived of sodium 
chloride for long periods of time they soon reached a condition 
of low vitality in which a sudden and complete breakdown oc- 
curred. liecovery was rapid if NaCl was supplied. The con- 
dition was marked by loss of appetite, a lusterless eye, rough coat, 
and a very rapid decline in body weight. 

The guinea pigs in this group, just previous to the addition 
of NaCl to the ration, behaved in a manner similar to that of the 
cows fed l)y Dr. Babcock; as in the case of the cows, rcjcovcry of 
the guinea pigs was rapid after NaCl was fed. This indicates that 
the manner in wliich the NaCl probably acted was in furnishing 
chlorine for greater HC^l production in the gastric juice and in 
supplying a deficiency of this essential clement with a concurrent 
increase in the constitutional resistance and improvement of the 
general well being of the guinea pigs. 

The animals in Lot 91 (see Chart 3) received* 10 per (‘cnt of 
meat in the ration. Animal 3 died during the 8th week and 
showed lesions of scurvy. The other animals did not show symp- 
toms of scurvy until the 13th week. Animal 4 died at the end 
of the KHh week and No. 2 died at the end of the 2ith week. 
Animal 1 was killed at the end of the 28th week and showed 
lesions of scurvy. When 5 per cent of meat wm added to the rolled 
oats and milk ration the onset of the disease was not greatly de- 
layed, but the life of the animals was prolonged. When 10 per 
cent of meat was added the onset of the disease was greatly de- 
layed and the life of the animals was prolonged. This record is 
conclusive proof that the meat improved the ration through the 
introduction of higher levels and improvement of the proteins and 
by virtue of an increased intake of extractives and secretagogues 
which resulted in greater stimulation of appetite and its resultant 
increased flow of digestive juices. By improving the proteins and 
thus making the ration more nearly adequate for the physiological 

Babcock, S. M., Wisconsin Agric. Exp, Station, B2nd Ann. Hep., 1905. 
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demands, and by stimulating the appt^tite and secretion of diges- 
tive juices, the resistance of the animals was increased and they 
were able to ward off the disease for a long time. 

Chart 4, Lot 96, shows the result of feeding a ration of rolled 
oats, tricalcium phosphate, and milk. When the ration was not 
fortified with more protein, the tricalcium phosphate was un- 
able to protect the animals to any marked degree. Animal 4 
died at the end of the 2 ikI week and No. 5 at the end of the 6tli 
week. Both of these animals died of scurvy. Nos. 2 and 8 showed 
symptoms of S(;urvy during the 5th week, but after the 6th week 
they increased in weight and probably would have lived for some 
time had they not been killed at the end of the 9th week for 
samples of blood. The ti-icalciurn phosphate did delay the onset 
of scur\^ to a vei*y slight degree and prolonged the life of some of 
the animals. Apparently it is hot so potent in delaying the onset 
of the disease as are lactosi^ and laxatives,- and therefore unh'ss 
the ration is improved to its protein th(^ tricalcium phos- 
phate is not so effe<;tive as when protein is added to the ration. 

In order to determine whether the calcium or the phos))horic 
acid radical or both were effective in causing the delay in the onset 
of the symptoms of scurvy other calcium salts and other salts of 
phosphoric acid were fed wrth the ration of rolled oats, meat, and 
milk. Chart 5, Lot 100, shows the effect of the addition of I 
per cent of dipotassium phosphate to the above ration. Animal 
1 died at the end of the 3rd week and showed lesions of scurvy. 
No. 4 showed evidences of having the disease during the 4th 
week and died at the end of the 6th; No. 5 developed scurvy dur- 
ing the 1 0th week and died the 24th week; No. 6 never showed any 
signs of having scuiwy. It died at the end of the 20th >veek, but 
no lesions of scurvy were observed. Since all the animals de- 
veloped scui-vy during the 4th week, except No. 5, which de- 
veloped it during the 10th week, and No, 6, which never devel- 
oped the disease, these animals did little better than those that 
received only the oats plus 5 per cent of meat. It is clear from 
this record that the dipotassium, phosphate was of little benefit. 
Animal 6 apparently was an exceptional animal. Occasionally 
an animal will thrive on oats and milk. These results indicate 
that it is the calcium and not the phosphoric acid that is of prime 
importance in protetiting the animal against scurvy. 
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' To test further whether or not the calcium is instrumental in 
protecting the animals against scurvy, disodiurn phosphate was 
fed with the rolled oats, meat, and milk diet. Chart 6, I.ot 103, 
gives the data of these experiments. The results in this case 
were no better than those obtained with the dipotassiuni phos- 
phate. All the animals except No. 3 developed scurvy during 
the 4th week. No. 1 died at the end of the 5th week; No. 2 at 
the end of the 8th week, and No. 4 at the end of the 15th week. 
Animal 3 grew well and appeared to be nonnal, but when it was 
killed at the end of the 19th week a postmortem examination re- 
vealed a few lesions of scurvy. This record furnishes ad<led proof 
that it is not the phosphoric acid, or at any rate not the phos- 
phoric acid alone, that is instrmnental in delaying the symptoms 
of scurvy. 

The previous two records indi(;atc that phosphoric acid alone 
played little or no part in protecting the guinea pigs against 
scurvy. Calcium alone or a combination of calcium and phos- 
phorus must be necessary for protection against the disease. To 
analyze this point several other calcium salts were fed to guinea 
pigs with the rolled oats, meat, and milk ration. One group of 
animals (see C^hart 7, Lot 104), was fed calcium acetate with the 
above ration. The amounts of calcium ied were the same in all 
these lots. The record of these animals indicates that although 
calcium is more effective in protecting the animals against scurvy 
than phosphoric acid, yet calcium acetate was not nearly so 
effective as was tricalcium phosphate. Since neither the cal- 
cium alone nor phosphoric acid was very effective in protecting 
these animals, the beneficial effects derived from tri calcium phos- 
phate must have been due to that molecule rather than to any 
particular radical thereof. All the animals that received the cal- 
ciiuri acetate developed scurvy about the 4th week. Animal 1 
died at the end of the 4th week, No. 2 at the end of the 16th 
week, No. 3 at the end of the 12th week, and No. 5 at the end of 
the 5th week. Animal 4 grew at a rapid rate for 12 weeks and at 
no time did it show any symptoms of scurvy. It was killed at the 
end of the 20th week and on postmortem examination showed 
slight indications of scurvy. 

Chart 8, Lot 105, shows the result of feeding a group of guinea 
pigs the above ration, but containing calcium carbonate in place 
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of calcium acetate. The results witli these animals were much the' 
same as those obseiwcd with the animals that received calcium 
acetate. All the animals developed scurvy during the 5th week 
and No. 1 died at the end of that week. Animal 3 died at the 
end of the 11th week. Up to the lOth week the other two animals 
grew a little, after which they did litttle better than maintain 
their weight. 

The animals that received calcium lactate in place of calcium 
carbonate or acetate did a little better than did the animals on the 
previous two rations. Compare Chart 9 with Charts 7 and 8. 
Animal 1 died during the 3rd week, but failed to show any lesions 
of scurvy. The animal probably died of starvation. Only one 
animal, No. 2, showed symptoms of scurvy during the 4th week, 
but this animal lived for 20 weeks and grew rapidly throughout 
this period. When the animal was killed at the end of the 2()th 
week it showed severe lesions of scurvy. No. 3 grew rapidly 
from the 10th week on, and never showed any evidence of hav- 
ing scurvy, nor could any lesions of scurvy be found when it was 
killed at the end of th(j 20th week. Animal 4 developed the dis- 
ease during the 7th week and died at the end of the 9th week. 
Animals 5 and 0 developed scurvy during the 7th week and 
No. 0 died at the end of the 7th week, while No. 5 lived until the 
16th week. 

These results confirm the supposition that the beneficial effects 
of the tricalcium phosphate are due to the tricalcium phosphate 
molecule as a whole rather than to either the (calcium or the 
phosphoric acid radical alone. Monobasic calcium phosphate 
was found to be less effective in delaying the development of 
scurvy than was tricalciurn phosphate. 

It will be recalled that the guinea pigs in Lot 90 (see Chart 2) 
began to lose weight, became inactive, and developed scurvy 
about the 18th week, and that when NaCl was added to the ra- 
tion the animals improved within a week and gained in weight, 
but the symptoms of scurvy persisted. These animals already 
had severe scurvy, so that it is possible that the NaCl was added 
too late to be of any great aid to them. In order to determine 
whether or not guinea pigs would be entirely protected by the 
ingestion of NaCl in a ration of rolled oats, meat, tricalcium 
phosphate, and milk when fed to young animals at the beginning 
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of the feeding trial, a group of young guinea pigs was started on 
that ration (see Chart 10, Lot 117). All the animals suffered from 
diarrhea at the beginning of the experiment and two of them 
died. l"he other two animals recovered after the Oth week. Two 
^ additional animals were started on the ration 9 weeks later. One 
of these animals, No. 5, lost weight during the first 7 weeks, after 
which it gained in weight rapidly for a time and then decreased 
in its rate of growth. At no time, however, did this animal show 
symptoms of scurvy; No. 6 grew rapidly for 5 weeks and then 
declined in weight. All the animals in this group lost weight 
during the last 4 weeks of the feeding trial. The weather was 
veiy hot during this time, which was probably responsible for the 
decline in weight. However, only one animal. No. 4, showed 
positive symj)toms of scurvy, while Animal 1 was questionable. 

The records of this group of animals, as well as those of the 
animals given in (4iarts 1 1 and 12, arc rather unsatisfactory due 
to the very hot weather prevailing during the experimental period. 
The animals were discarded sooner than they should have been 
because the author was called into military service. The results 
of the records of Chart 10, however, confirm those of (.hart 2; 
namely, that Can(P04)2 and NaCl when fed with a ration of rolled 
oats, meat, and milk to guinea pigs greatly prolong the life and 
well being of the animals. 

Since chlorine was found to be beneficial when fed with tri- 
calcium phosphate in the oats and meat ration it was deemed ad- 
visable to feed calcium chloride with the oats, meat, and milk 
ration. Chart 11, Lot 118, is the record of these feeding trials. 

After a slight decline in weight during the first 3 weeks of the 
feeding trial all the animals, except No. 4 which died at the end 
of. the 2nd week, grew at a rapid rate. Animal 5 died at the 
end of the 6th week, but showed no lesions of scurvy. The re- 
maining three animals grew very rapidly until the 10th week, 
after which time two of them declined in weight, but No. 2 con- 
tinued to grow at a somewhat slower rate. Animals 1 and 3 
showed slight symptoms of scurvy, but No. 2 never showed any 
signs of having the disease. 

A comparison of the curves of these animals with those of the 
animals that received Ca8(P04)2 and NaCl shows that Ca.i(P04)2 
and NaCl are superior to CaCL in protecting guinea pigs against 
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scurvy when fed with rolled oats, meat, and milk. However, it 
must be remembered that the animals of Chart 2 were kept 
under more favoraTble conditions than were the animals of Chart 
11. The animals of Chai^ 10, however, and those of Chart 11 
were kept under similar conditions and the records of these two 
groups of animals can therefore be compared. A comparison of 
the records of these two groups of animals shows clearly that 
CaCb is somewhat superior to Ca3(P04)2 and NaCl in delaying 
the onset of scurvy in guinea pigs when fed with a ration of 
rolled oats, meat, and milk. These results demonstrate that it is 
calcium and chlorine that are mainly instrumental in delaying 
the onset of scurvy in guinea pigs and that the phosphorus plays 
a less important r61e in the development of this disease. They 
also show that calcium and chlorine when supplied in the same 
molecule as in CaCb are more effective in delaying the onset of 
the disease than when they are supplied in separate molecules as 
in Ca3(P04)2 and NaCl. 

In order to detennine whether guinea pigs wull do just as well 
when fed calcium chloride as when fed tricalcium phosphate and 
NaCl with the oats and milk ration, one lot of animals was fed 
calcium chloride with rolled oats and milk and another lot was 
fed tricalcium phosphate and NaCl with rolled oats and milk 
(see Chart 12, Lots 119 and 120). 

A comparison of thci two sets of records in Chart 12 shows that 
the CaCb when fed to guinea pigs with the rolled oats and milk 
ration is far superior to (3a3(P04)2 and NaCl in delaying the onset 
of scurvy. Those animals that received Caa(P04)2 and NaCl, 
Ration 1 19, did little better than animals, kept on rolled oats and 
milk. Of course had these animals been kept under more favor- 
able circumstances the records would have been better, but since 
both of the groups in Chart 12 were kept under the same conditions 
a comparison of the two sets of records is justifiable. All the ani- 
mal§ of Ration 119, except No. 4, died before the end of the 5tb 
week. No. 4 lived until the end of the 9th but showed no lesions 
of scurvy. The animals of Ration 120, that received CaCL, 
grew at a slow rate and Were in much better condition than were 
the animals of Ration 119. Animal 1 died at the end of the 
9th week, but showed no symptoms of scurvy; No. 3 was k^led 
at the end of the 4th week and showed slight symptoms of scurvy. 
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Animals 2 and 5 lived for 14 weeks and grew at a slow rate through- 
out the feeding trial. No. 2 showed slight symptoms of scurvy 
the 9th week, but No. 5 never showed lesions of the disease. 
The animals were discarded at the end of the 15th week. 

* These records clearly demonstrate the superiority of CaCb 
over Ca 3 (P 04)2 and NaCl in delaying the onset of scurvy in guinea 
pigs and illustrate how mtich more effective certain ions may be 
when combined in the same molecule than when pr(^sent in different 
molecules. 

Since (JaCl 2 was found to be superior to Ca 3 (P 04 )o and NaCI 
in delaying the^ onset of s(;urvy in guinea pigs, calcium and 
chlorine must be of greater importance than phosphorus in the 
etiology of scurvy, and in this disease we must, therefore, have 
present a deficieiu^y of chlorine as well as of calcium, or at least a 
decided derangement of chlorine metabolism. Such a deficiency 
or derangement of chlorine metabolism must ye^^ult in a deficient 
production of HCl and a decrease in the digestive power of the 
gastric juices with a resultant improper functioning of the digestive 
tracjt. 

To demonstrate further that the meat ingested with the ration 
of rolled oats and milk acted primarily in imr>roving the proteins 
of the ration various other proteins were fed with rolU^l oats, 
milk, and tricalciura phosphate. Chart 13, Lot 101, is the record 
of a group of guinea pigs fed the above ration, pluvS 5 per cent of 
casein. That the casein di<l supplement the protein of the ra- 
tion is evidenced by the results of this feeding trial (compare 
with Chart 4). Animal 5 develo})ed scurvy the 3rd week and died 
at the end of that week; No. 4 developed the disease during the 
9th week and died the 11th. None of the other animals showed 
any evidence of having scurvy. No. 2 died at the end of the 8th 
week, but no lesions of scurvy could be found, and No, G died at 
the end of the Tth^week, but showed no evidences of having had 
the disease. Animals 1 and 3 grew at a rapid rate throughout the 
time of the experiment and appeared to be normal in all respects. 
They wert^ killed at the end of the 24th week and showed no 
lesions of scurvy. The record of these animals is not so good as is 
that of animals fed meat in place of casein (sec Lot 90, Chart 2). 
The meat therefore must have acted in a capacity other than 
simply in improving and increasing the protein content of the 
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ration to account for its superiority over the casein. What this 
was cannot be definitely pointed to at this time, but as stated 
before it probably stimulated the appetites of the animals and also 
stimulated secretions in the tract. Pawlow^® showed that certain 
extractives found in meat stimulated a copious flow of gastric 
juice. 

Chart 14, Lot 113, shows the result of feeding wheat gluten in 
place of casein in the above ration. As is to be expected the ani- 
mals that received the wheat gluten did not do so well as those 
that received casein. Three of the animals developed scurvy the 
5th week, while two of the animals did not develop the disease at 
all. The wheat gluten proved effective not in supplementing the 
other proteins of the ration, but simply in increasing the total 
protein content of the ration. 

Liebig’s extract was fed with the rolled oats, tricahuurn phos- 
phate, and milk ration to determine whether or not the meat had 
acted through its extractives as well as through the protein. 
Chart 15, Lot 114, gives the results of these experiments and 
shows that some beneficial effects were obtained by feeding the 
meat extract. The results were not nearly so good as those ob- 
tained with the meat or casein (see Charts 2 and 14). The ani- 
mals all developed scurvy during the 4th and 5th weeks and all 
but one did very poorly throughout the feeding trial, but the life 
of these animals was prolonged. The protein contained in the 
meat extract was in part responsible for the beneficial effects 
noted, but the protein content of the meat extract was probably 
too low to account whoUy for so great an effect as was noted. 

Precipitin Tests, 

In investigations on the effect of various rations on the growth 
of swine, Professor Hart has observed that this class of animals 
will pass into pathological conditions when confined to corn and 
milk. These animals suffer from severe constipation,'" dragging of 
the hiiid quarters, and swollen joints. He further showed^* that 
the blood of these animals gave positive precipitin tests to com 
and milk proteins, indicating an invasion of the blood stream 
through the intestinal walls of unhydrdyzed proteins of the ration. 

Unpublished data from this laboratory. 
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Since many of the symptoms that are shown by swine, kept on 
diets restricted to grains and small amounts of roughage or milk, 
are similar to some of the symptoms shown by guinea pigs suffer- 
ing with scurvy, namely constipation, dragging of the hind legs, 
and swelling of the joints, precipitin tests were made upon the 
serums of scurvy guinea pigs. Fresh skimmed milk and oat pro- 
tein were used for these tests and in some cases other proteins. To 
prepare the oat protein, finely ground rolled oats were stirred 
into hot, distilled water and allowed to cool. The mixture was 
then centrifuged and filtered through a Berkefeld filter. A clear, 
slightly yellowish solution was thus obtained. The milk and oat 
protein solutions were sterilized in an autoclave for 20 minutes 
at 15 pounds pressure. For the test with milk proteins 1 cc. of 
sterile milk was diluted with 50 cc. of sterile distilled water: All 
the tests were purely qualitative in nature, and no titrations were 
made to determine the amounts of precipitin contained in the 
blood serum. 1 cc. of the serum was diluted with 10 (;c. of sterile, 
distilled water. The thoracic cavity of the animals was opened 
and the blood from the heart aUowed to flow into a sterile Petri 
<lish. After the blood had coagulated the clear serum was drawn 
off with a sterile pipette. For controls, the blood serum of normal 
guinea pigs kept on a diet of rolled oats and fresh grass was used. 

In no case was a positive test observed with the serum of normal 
guinea pigs. The results of these tests are given in Table 1. 
The corn and wheat proteins were prepared in the same manner 
as were the oat proteins. The egg protein was prepared by dis- 
solving dried egg albumin in distilled water. All the protein solu- 
tions were sterilized. 

A review of the data given in Table I shows that none of 
the animals that did not have scurvy gave positive precipitin tests 
with the proteins investigated, and that, while some of the ani- 
mals that did have scurvy gave positive precipitin tests, others 
did not. All of the animals that had severe scurvy, except one, 
gave positive tests, although some gave strong, while others gave 
rather weak tests; in some cases the tests were so weak as to 
leave doubt as to whether the reaction was really positive. It is 
clear from this table that the stage of the disease apparently has 
no influence upon the response to the precipitin test. All that can 
be concluded thus far is that while normal guinea pigs do not 
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give a positive precipitin test to oat and milk proteins some 
scurvy animals do, but that the test is no indication of the severity 
of the disease. The precipitin test for oat and milk proteins 
was not specific, but also was given by corn and wheat protein. 
It has been found by several investigators that precipitins are 

TABLE I. 


Remits of (he Applicafion of Precipitin Tests to the Serum of Normal and 
Scurvy Guinea Pigs. 







Protein. 



Ration. 

Stage of disease. 

o 

Corn. 

St 

Milk. 

i 

1 Oats and grass 

Normal. 


0 

— 

— 

0 

-- 

2 

< ti t( 

It 


0 

_ 

— 

0 

-- 

3 

< t< u 

it 


0 

— 

— 

0 


4 

t u u 

it 


0 

- 

- 

0 

- 

5 

‘ milk 

Severe scurvy. 

++ 


- 

+ 4- 

- 

6 

< « u 

it 

tt 


— 

— 

4- + 

— 

7 

* milk, and CaCb 

Slight 

tt 

+ 

- 

- 

•4 

- 

8 

* and milk 

Severe 

tt 

4- 

... 

— 

4- 

— 

9 

* meat, milk, and CaCOs 

it 


? 

— 


? 

— 

10 

' and milk 

Slight 

tt 

0 

- 

- 

0 


11 

* meat, and milk ? 

tt 

tt 

+ 

4- 

+ 

4- 

0 

12 

t n u u 

(f * 


4- 

-f 

+ 

4- 

0 

13 

* Liebig's extract, Ca 3 (P 04 ) 2 , 
milk 

Severe 

tt 

0 



0 

0 

14 

* heated meat, Ca 3 (P 04 ) 2 , milk. 

tt 

tt 

4- 

4- 

4- 

4” 

0 

16 

* wheat gluten, CaaCPO^la, milk 


tt 

? 

- 

- 

? 


16 

' casein, Caa(P 04 ) 2 , milk 

No 

tt 

0 


— 

0 


17* 

^ meat, ]Sra 2 HP 04 , milk 

Slight 

it 

4- 

— 


+ 

— 


0 « no tests given 

+ 4- ~ strongly positive. « 

4- — positive. 

? ~ so slight as to be questionable. 

— » no tests made. 

not always specific.^^ The data here reported are still incomplete 
and are given merely as a preliminary report. The problem is 
being investigated further in this laboratory. 

Long^op^, W. T., Harvey Lectures, 1915k--lC, xi, 271. 
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The presence of certain foreign bodies that give positive pre- 
cipitin tests to oat, corn, wheat, and milk proteins in the blood 
stream of some guinea pigs suffering with scurvy gives rise to the 
question as to whether their presence in the blood is due to an in- 
creased permeability of the tissues, or to lesions in the intestinal 
walls. From the accumulation of evidence that in scurvy there 
is an increase in the permeability of the tissues, and in view of 
the fact that an ingestion of calcium phosphate or calcium chloride 
into the diet delayed the development of the disease, it is highly 
probable that the presence of foreign proteins in the blood stream 
is probably due to the increased permeability of the tissues. This 
does not exclude the possibility of lesions in the intestines playing a 
part in allowing protein molecules to pass into the blood stream. 
In order to determine whether lesions do exist in the intestinal 
walls of guinea pigs suffering with scurvy an examination of the 
intestinal walls of scurvy animals is being made in this laboratory. 

SUMMAET. 

The evidence given in the three papers upon scurvy from this 
laboratoi’y shows that while the physical character of the diet is 
of great importance in preventing scurvy other factors enter into 
the causes of the disease. 

In this paper it is shown that an improvement of the protein 
of the diet will protect guinea pigs from scurvy for a number of 
weeks and will greatly prolong the life, of the animals, even though 
the physical character of the diet has not been improved. But 
while laxatives^ and lactose^ will prevent the development of 
scurvy in guinea pigs for 20 weeks, improvement in the protein 
of the diet, even when 10 per cent of meat is added, will not pro- 
tect them for more than 13 weeks. When tricalcium phosphate 
was added with the meat the animals wem protected for 18 weeks. 
Sodium chloride when added to the milk, rolled oats, meat, tri- 
calcium phosphate ration, also effected some further protection, 
demonstrating that low chlorine is one aimong the many factors 
that may cause delay in the development of scurvy. This latter 
point is further emphasized by the remarkable protection afforded 
guinea pigs against scurvy by the ingestion of CaCb in the ration 
and shows that tlie calcium and chlorine ions are of greater im- 
portance in the development of this disease than is phosphorus. 
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The physical character of the diet and the character of the flora 
of the digestive tract are clearly of prime importance in the pro- 
duction of this disease, but other factors, such as those which make 
the diet more nearly chemically complete, which stimulate appe- 
tite and increase the flow of digestive juices and increase the 
resistance of the animals, which decrease the permeability of the 
intestinal wall, and which aid in correcting a deranged chlorine 
metabolism, are of great importance and will protect the animals 
from scurvy for a considerable time. Thesip experiments point 
to the litth emphasized rdle of calcium salts in nutrition; namely j 
that of controlling the permeability of various ariimal tissues and 
thereby affording protection against invading agents. 

The sequence of events in the development of scurvy may be 
pictured thus : As feces accumulate in the cecum and large intestines 
of the animal and constipation has set in, peristalsis is decreased 
and the intestinal juices are secreted in less profusion, resulting 
in a lowering of the digestive power of the intestine and stomach 
and probably in the production of lesions in the intestines. Then, 
due to an increased permeability of the vessel walls, bacteria may 
invade the joints, as shown by Jackson and Moody, toxic products 
are absorbed in greater amounts from the cecum and large intes- 
tine, and in some cases the whole protein molecule passes through 
the walls of the capillaries of the intestines into the blood stream. 

No claim is made that the retention of feces is the primary 
factor in the production of scurvy, but it is clearly a contributing 
and probably a very important factor in the development of the 
syndrome of this disease. 

^“Jackson, L,, and Moody, A. M., J. Infect. DU., 1910, xix, 511. 




Chart 1 . Lot 80 shows the effect of adding 5 per cent of meat to a ration 
of rolled oats and milk fed ad lihiimn. Animal o died at the end of the 3rd 
week and showed lesions of scurvy. All the other animals developed 
scurvy during the 4th and 5th weeks. In spite of this, Animals 3, 7, 8, 
and 9 liv'cd for a considerable time. Aninuils 7 and 8 were killed at the 
end of the 17th week. The meat did not delay the onset of the disease 
but- it did ])rolong tluj lives of a number of the animals for a long time. 

8+ on the charts denot<*s that the animals had scurvy at. the time of 
death; + signifies death without scurvy. 



Chart 2, Lot 90. The animals in this lot receivcid in addition to the 
ration of rolled oats, meat, and milk fed ad libitum (Ration 80), 1 per cent 
of Ga 3 (P 04)2 during the first period. Animal 4 died at the end of the 4th 
week, but it did not show any lesions of scurvy. No. 5 de.velopcd scurvy 
during the 5th week. The other three animals remained in excellent 
condition for 18 weeks when they began to lose weight and showed evi- 
dences of having scurvy. No. 1, however, although it lost in weight did 
not develop scurvy. No. 2 died at the end of the 19th wet?k. In Period 
II, 1 jier cent of NaCl was added to the ration. The animals all improved 
in appearance, became more active, and gained in weight for a time, but 
the symptoms of scurvy did not disappear. 4 weeks after the ingestion 
of NaCl into the ration they again lost in weight and Animal 5 died 6 
wetjks later. Nos. 3 and 1 were killed at the end of the 30th week. No. 
3 showed lesions of scurvy while No. 1 did not. 
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Chart 3. Lot 91 illustrates the behavior of guinea pigs receiving a 
ration of rolled oats and 10 per cent of meat and milk fed ad libitum. Ani- 
mal 3 developed scurvy during Ihe 5th week and died the 8th week. No. 
4 died the 16th week, and No. 2 the 24th week. Animal 1 was killed the 
28th week and showed lesions of scurvy. The record of these ammals is 
considerably bettcj’ than that of the animals that received 5 per cent of 
meat (see Chart 1, Lot 80), and shows that insufficient protein is ingested 
in the rolled oats and milk ration. 



Chart 4. Lot 96 shows the results obtained by feeding Ca#(P 04)2 
without meat in the rolled oats and milk ration. The Ca8(P04)2 alone 
was unable to protect the animals against scurvy or to prolong their lives 
for any appreciable time; but when meat was added to this ration it was 
very efficient in protecting the animals against scurvy and in prolonging 
their lives (see Chart 2, Lot 90). Animal 4 died of scurvy at the end of 
^ 2nd week. The other animals all developed scurvy during the 4ith 
90^ 5th weeks, and No. 5 died at the bnd of the 0th week. Animals 2 and 
3 tnereased in weight after the 6th week, but were killed at the end of the 
9th >voek. 
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OiART 0. Lot KX) shows the effect of the addition of K2HPO4 to the 
rolled oats, moat, and milk ration. These guinea pigs did little better 
than did guinea pigs that received only rolled oats, meat, and milk. Ani- 
mals 1. 3, and 4 developed scurvy during the Brd week; No. 1 died at the 
end of the 3rd week, and Nos. 3 and 4 at the end of the 5th week. No. 5 
developed scurvy during the 10th week and died the ISth week; No. 6 
never <levcloped scurvy. It died at the end of the 19th week, but showetl 
no le.sions of scurvy. 



Chart 0. Lot 103. The animals in this group were fed the same ration 
as those in Lot 100 but in place of KaHPOi they were given NtiBHJX,)* in 
the ration. Those animals did no better tlian did those that received 
KaHPOi in tliis ration (see Chart 6). All the animals except No. 8 devel- 
oped scurvy during the 4th week. No. 1 died at the end of the 5th week, 
No.. 2 during the 8th week, and No. 4 at the end of the 14th week. Animal 
3 grew rapidly and appejS^red to be normal, but when it was killed it showed 
a few slight lesions of scurvy. 
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Chakt 7. Lot 104 iilustrjAtos t he behavior of guinea pigs fed the rolled 
oats, meat 5, and milk ration plus calcium acetate. Tlic amount of cal- 
cium in this ration is the same as that fed as Ca 3 (P 04)2 (see Chart 2, Lot 
90). All the animals in this group developed scurvy during the 4th week, 
and No. 1 died at (he end of that week; No. 2 died at tfjo end of the 16th 
week; No. 3 at the end of the 12th week, and No. 5 at the end of the Sth 
week. Animal 4 grew rapidly for 12 weeks and then maintained its weight, 
and at no time did it show evidences of having scurvy; but 'when it was 
killed at the end of iho 20th week it showed a few slight lesions of scurvy. 
Although the calcium acetate did improve the rolled oats, meat, and milk 
ration it ilid not j)rove as effective as was Ca 3 (P 04)2 (see C/hart 2, Lot 90). 



Ghabt S. Lot 105 shows that calcium carbonate was no more efficient 
than calcium acetate in the nutrition of the guinea pig. All the animals 
developed scurvy during the 5th week and No. 1 died at the end of that 
week. No. 3 died at the end of the 11th week; No. 2 was killed at the 
end of the 20th week at which time it had severe scurvy; No. 4 was killed 
at the end of the 2l8t week and showed only slight lesions of scurvy. This 
animal had apparently recovered from the disease to a marked degree. 
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(.'iiAKT 9. Lot 106 received calcium hictalc* in place of the carhonale. 
The curves show that tlie animals did somewhat better than did those 
that received calcium acetate (see Chart 7, Lot 104) or thos(^ that received 
calcium carbonate (see Chart 8, Lot 105). Animal 1 died after the 2nd 
week, but failed to show lesions of scurvy. Animal 2 showed symptoms 
of scurvy during tlie 4th week, but it gained in weight rapidly until it 
was killed at the end of the 20th week and showed severe lesions of 
scurvy. No. 3 n(*ver developed scurvy and grew rapidly. It showed no 
lesions of the disease when it was killed at the end of the 20th week. No. 

4 developed scurvy during the 7th week and died the 9th week. Animals 

5 and 6 developed scurvy during the 7th week and No. 6 died at the end 
of this week, while No. 5 liv<*d until the 16th week. 
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Chart 10. Lot 117. This chart is the record of a group of guinea pigs 
kept on Ration 80 plus Ca 3 (^ 04)2 and NaCl. During the first 4 weeks all 
the animals except Nos. 4, 5, and 6 developed scurvy. Animal 2 died at 
the end of the 4th week and No. 3 at the end of the 5th week. Neither 
of Jthese animals showed lesions of scurvy. Animal 1 died at the end of 
the 15th week. It was questionable whether or not this animal had scurvy. 
Animal 4 was discarded after the 18th week, and although it lost weight 
the last 4 weeks, due apparently to the hot weather, it did not show symp- 
toms of scurvy. Animals 5 and 6 were started on the ration 9 weeks 
later than the other animals. Animal 5 did not begin to gain in weight 
until the 7th '^veek after which it gained in weight until the 11th week. 
The animal, how'evcr, developed scurvy during the 9th week. No. 6 grew * 
rapidly until the 5th week when it slowly declined in weight. It was 
discarded the 8th week and was in good condition at that time. 
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Chart 11. Lot 118 shows tho effect of the ingestion of CtiCL into, Ha- 
tion 80. Animal 4 died at the end of the 3rd week, but showed no signs 
of scurvy. No. 5 died during the 7th week. The intestine and stomach 
were greatly distended with gas, but the animal showed no lesions of 
scurvy. Animals 1 and 5 grew rapidly in weight until the 10th week after 
which time they slowly declined. They were discarded the 15th week 
and both showed symptoms of scurvy. Animal 2 grew rapidly throughout 
the feeding trial and when discarded, the 16th week, it was in good con- 
dition. The animals in this group did considerably better than did those 
that received Ca«(P 04 )j and NaCl (sec Chart 10). 
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Chart 12. Lot 120 illustrates the behavior of guinea pigs fed upon a 
diet of rolled oats, CaCL, and milk fed ad libitum. Animal 3 died at the 
end of the 4th week and showed lesions of scurvy. Animal 1 grew a little 
but died at the end of the 9th week and showed decided lesions of scurvy. 
Animal 2 grew at a slow rate and showed symptoms of scurvy the 9th week. 
Animals 2 and -5 were discarded the 15th week; No. 5 grew until the 9th 
week after which it maintained its weight, but at no time did it show evi- 
dences of having scurvy. These animals did considerably better than 
those that received CasCPO^)* and NaCl (see Ix>t 119, this chart). 

Lot 119 was fed rolled oats, Ca»(P 04 ) 2 , Nad, and milk fed ad libitum. 
The animals all lost in weight after the 2nd week, but only one. No. 2, 
showed symptoms of scurvy. No. 1 died the 4th week, but showed no 
lesions of scurvy. No. 2 died the same week and did show lesions of 
•scurvy. No. 3 died at the beginning of the 6th week, but showed no lesions 
nf scurvy, while No. 5 died the 4th week and did show lesions of scurvy. 
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i Chart 13. Lot 101 slu)W6 tlie elTect of adding casein to a ration of 
rolled oats, and milk fed ad libitum. These guinea pigs did 

not do so well a.s those that received meat in place of casein (see (^hart 
2, Lot fK)), but the casein did supplement the proteins of the ration (com- 
pare Chart 4 ) . Animal 5 developed scurvy during the 3rd week and died 
at the end of that week. No. 4 developed the disease the 9th week and 
died the 11th week. None of the other animals show’cd evidence of hav- 
ing scurvy. Animals 1 and 3 were killed at the end of t he 24th week and 
showed no lesions of scurvy. 



466 


Experimental Scurvy. Ill 



Chart 14. Lot 113 received wheat gluten in place of casein. They 
did not do so well as did the casein animals (see Chart 13). Three of the 
animals, Nos. 1, 2, and 4, developed scurvy, while Nos. 3 and 5 showed uo 
evidence pf the disease. They were killed at the end of the 15th week 
and apparently were normal in all respects. 



Chart 15. Lot 114 shows the effect of adding Liebig’s extract to the 
rolled oats, Ca 8 (P 04 ) 2 , and milk ration. These animals did very poorly 
and all developed scurvy during the 4th and 5th weeks. No. 2 was killed 
the 15th week and showed severe lesionsaof scurvy. 


A METHOD FOR THE IDENTIFICATION OF CERTAIN 
URAMINO-ACIDS IN THE PRESENCE OF 
AMINO-ACIDS AND OF UREA. 

By ALICE ROHDE. 

{From the George Williame Hooper Foundation for Medical Hesearch. r></- 
versity of California Medical School, San Francisco.) 

(Received for publication, September 2o, 1918.) 

INTRODUCTION. 

The facility with which uramino-acids or their anhydrides, 
hydantoins, may be foi*mcd from amino-acid and urea in vitro 
is shown by the work of Baumann and Hoppe-vSeyler (1), Lippich 
(2), as well as by the critical studies of Halkowski (3), Dakin 
(4), Weiland (5), and most recently Abel, Rowntree, and Turner 
(6). Where uramino-acids or hydantoins have been found in 
biological fluids, urea has been present (7), arnino-acids were not 
excluded, and in some work amino-acids wen^ added with a view 
to further the synthesis m vivo of uramino-acids (8). Due to the 
fact that certain uramino-acids are compounds difficultly soluble 
in water and are extracted by ether (9) as well as by acetic-ether 
(4), they have been obtained as crystalline compounds in pro- 
cedures for the isolation of other substances such as amino-acids 
(8, 9, 6), from biological fluids, and have occasionally served as 
evidence for the presence of amino-acids when these acids could 
not themselves be isolated. 

•AvS the qiu^stion of the existence of preformed uramino-acids 
in body fluids has been left open (5, 6), it ieemed advisable to 
undertake to modify the procedure hitherto used for the isolation 
of lu-amino-acids by taking advantage of the action of urease 
(10) for the decomposition of urea and thus secure its elimination 
from the material to be ifivestigated. It is possible, also, to 
follow more closely traces of uramino-acids by an application of 
the Van Slyke gasometric method for the deteimination of amino 
nitrogen (11). The uramino-acids studied give off amino nitro^ 
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gen in the course of an hour as contrasted with amino-acids 
which give it off quantitatively in 4 minutes, with the exception 
of lysine which takes longer. The anhydrides of the uramino- 
acids, as was to be expected, give off no amino nitrogen. There- 
fore by forming anhydrides from uramino-acids, amino nitrogen 
suspected to be lysine for example, may be identified as having 
its source from uramino-acid or from amino-acid according as to 
whether it disappears or remains after the procedure of anhydride 
formation. 

The chief evidence for the presence of preformed uramino-acid 
is an experiment carried out by Dakin (12) where ureidophonyl- 
propionic acid crystallized from cat's urine without analytical 
procedure. In this experiment doses of 6 to 8 gm. of phenyl- 
alanines were administered intravenously to cats during 1| hour 
periods and the urine was collected during the ensuing 11 hours. 
The urine on standing contained at the edge of the vessel crystals 
which were identified as ureidophenylpropionic acid. Larger 
quantities of the uramino-acid were obtained by acidifying th(‘ 
urine with phosphoric acid, extracting in a continuous extractor, 
distilling the acetic-ether with steam, clarifying with animal 
charcoal, concentrating the aqueous residue, and allowing to 
crystallize. ' 

Abel, Kowntree, and Turner (6) in referring to isobutylhydan- 
toin, isolated by them from a dialysate from circulating dog's 
blood, say: “The isolation of this substance <loes not necessarily 
prove its original presence in the blood of the dog, inasmuch as 
it may have been formed during the ester distillation by a con- 
densation of urea with another substance." The possibility that 
this other substance may be leucine is pointed out. The ques- 
tion “whether this and perhaps other hydantoin derivatives occur 
in the aqimal body" (6) made it desirable to make the following 
experiments. f 

A study of a-ureido-jS-phenylpropionic acid and of a-ureido- 
isobutylacetic acid has been carried out. In applying the pro- 
cedures here described to the question of preformed a-ureido- 
jS-phenylpropionic acid, it was thought advisable to conform as 
nearly as possible to the conditions under which Dakin isolated 
1.5 gm. of this uramino-acid. The same choice of animal, of 
dosage of phenylalanine, of time of injection of amino-acid, and , 
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of collection of urine was made, and Dakin’s method of extrac- 
tion used. 

• Method. 

The fresh material is treated with Jack bean urease in such 
proportion as to decompose the urea in 15 minutes (10), at 37®C., 
or when possible the collections are made into enzyme solutions 
at this temperature. After testing a portion of the material to 
make certain all urea is decomposed, the whole amount is neu- 
tralized with phosphoric acid and an excess added. The acid 
fluid is then extracted in a liquid extraction apparatus for 0 or 
mor(‘ hf>urs with four to six voliunes of acetic-ether. The ac('tic- 
(‘ther is then distilled with steam, the aqueous residue clarified 
w'ith (iharcoal, and concentrated on the water bath to small vol- 
ume. Crystals of uramino-acid, if present, are filtered off, dried, 
and idcaitified by means of the melting point and of amino nitro- 
gen detc'rminations before and after treatment wdth boiling 
hydrochloric acid. If no crystals separate and traces of urainino- 
acids ai*(‘ to be excluded, the concentration may be contiriuc;d 
until a small amount of syinp i*esults whi(h is then taken up in 
1 to 2 <,‘c. of water, normal sodium hydroxide' added droj) by drop 
until alkalims and iilte^re'd if necessary. The material is then 
boiled foi* 1 minute to drive off traces of ammonia and mad(' up 
to volume in a 10 cc. flask. Determinations on the a.mino nil rev 
gen cont('nt may thi*n bc‘ made. 2 cc. samplers arc taken and 
the determination is carried out as for amino-acid. S('cond 
samples of material are shaken 1 minute and then allowed to 
stand 1 hour in the n'acticjn chamber, and shaken a second time 
for 3 minutes. If in the second procedure more amino nitrogxm 
is found than in the first a 5 cc. portion of the material is acidified 
with ten drops of concentrated hydrochloric acid ain^ boih^d 
under a reflux condenser for an hour. The v material is made 
alkaline and again made up to volume and determinations on 
the amino nitrogen are run. The difference between the amino 
nitrogen figure befoj*e boiling with hydrochloric acid and that 
after boiling may be assumed to be timino nitrogen from uramino- 
acid. 

EXPERIMENTAL. 

A cat weighing 2.35 kilos was given by stomach tube 4.7 gm. 
of urethane dissolved in wann saline solution. The left femoral 
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vein was cannulated and connected to a burette containing 300 
cc. of normal salt solution in which 6.0 gm. of dl^phenylalanine 
were dissolved. The bladder was exposed, the urethra tied dost* 
to the bladder and the lat^er punctured, the urine withdrawn,, 
juid a glass bladder cannula inserted and tied in place. The 
bladder was replaced in the peritoneal cavity, and the incision 
closed by clamps. The cannula was so bent that the urine 
dropped into a 50 cc. beaker which stood in a bath of water at 
37-16°C. 

The phenylalanine and salt solution were slowly and contin- 
uously run into tbe vein for IJ hours. 

5 cc. of Jack bean extract (10) were placed in the beaker to 
receive the urine as excreted. This extract was constantly 
agitated, and the temperature kept between 37--40®C. When 
6 cc. of urine had been collected, a fresh specimen of extract was 
taken for the next collection. 

The alkalinity of a 2 cc. portion of the Jack bean extract and 
urine was determined, and after a 15 minute interval with the 
material at 37°C., a second 2 cc. portion was titrated, and the 
completion of the decomposition of urea was verified. Portions 
of 60 cc. of urea-free material were neutralized with phosphoric 
acid and 2 to 3 cc. of acid were added in excess and introduced 
into a continuous extraction apparatus. Approximately 370 cc. 
of ethyl acetate were in circulation in the extraction apparatus. 
Extraction was carried on for 6 hours on each specimen, the 
acetic-ether in the distilling flask (75 cc.) was then removed, and 
distilled with steam, while the next specimen of acidified mate- 
I’ial was extracted with the addition of 75 cc. of fresh acetic-ether. 

The slightly colored aqueous residues left on distillation with 
steam were clarified with animal eharcoal, filtered, evaporated 
to 1 to ^ cc. on the water bath, and allowed to stand for 24 hours. 
No crystallization of urarnino-acids tcx>k place. 

The drops of broivn syrup-like material were then examined 
under the microscope for crystals. Only a trace of amorphous 
substance was present.^ The matexial was taken up in 2 cc. of 

‘ Two preliminary experiments, carried out in the same manner as the 
(experiment here reported, gave similar residues with no crystallization of 
uramino-acid, but the exclusion of uncrystalTized uramino-aeid in the 
syrup by the application of tlie amino nitrogen determination was not 
done*. 
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normal sodium hydroxide, 5 cc. of water were added, the mate- 
rial was boiled to drive off traces of ammonia present, and then 
made up to 10 ec. in a measuring flask. Portions of 2 cc. each 
were analyzed for amino nitrogen. 

A bare trace of amino nitrogen was obtained in each residue 
in the 4 minute determination which was not increased by an 
hour^s reaction with nitrous acid. A control extraction of 50 cc. 
of normal caPa urine and 50 cc. of Jack bean extract gave a small 
correction which covered the trace of amino nitrogen found. 

Amino nitrogen dcd.enninations upon ureidophenylpropionic 
acid upon its anhydride, benzylhydantoin, upon ureidoiso- 
butylacetic acid and its anhydride, isobutylhydantoin, gave the 
following figures: 


Amount. 

Substanco. 

NII*-N 

Time of reaction. j 

Theory for 
SO per cent 
N. 

4 min. 

30 min. 

1 hr. 

mg. 


mg. 

mg. 

mg. 

mg. 

1().0 

Ureidophenylpropionic acid. 

0.20 

1.03 

1.34 

1.07 

•: o.2 

Benzylhydantoin. 



0 

0 

10.8 

IJreidoisobutyl acetic acid. 

0.20 

0.87 

0.94 

0.84 

23.3 

Isobutylhydantoin. 



0 

0 


These uramino-acids were made from amino-acids yielding 
the theoretical amounts of mnino nitrogen. A nitrogen deter- 
mination on each would indicate tlieir purity; however, slightly 
more than 50 p(U- cent of the nitrogen of these compounds was 
usually obtained after 1 hour\s interaction with nitrous acid. 
After 1 hour no more nitrogen was obtained. 


Amount. 

Subetance. 

Total nitrogen.iit 

Found. 

Theory. 

mg. 1 

89.4 

Ureidophenylpropionic acid. 

mg. 

14.40 

mg. 

14.38 

160.4 

Ureidoisobutylacelic acid. . 

22.13 

21.82 


The specificity of the action of urease has been emphasized 
by Mai’^all and figures given to indicate no action upon a-ureido- 
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iS-phenylpropionic acid (10). The following determination shows 
no action upon a-ureidoisobutylacetic acid. 0.05 gm. of a-ureido- 
isobutylacetic acid was dissolved in a few drops of normal sodium 
hydroxide and made up to a volume of 10 cc. with water. 10 cc. 
of Jack bean extract were added. 4 minute determinations of 
amino nitrogen were made at once and after 15 hours. 


Sample. 

Uramino-acid. 

Time. 

NHj-N 

cc. 

mg. 

hrs. 

mg. 

2 

5 

0 

0.33 

2 

“) 

15 

0.33 


Recovery of Added a-Ureido-^-^Phenylpropiariic Acid. 

To 10 cc. of cat’s urine and 10 cc. of Jack bean extract which 
had stood at room ttanperatiire 12 hoiu-vS and was urea-free, 
were added 0.2 gm. of a-ureido-iS-pheny] propionic acid and 1 cc. 
phosphoric acid, and an extraction experiment was carried out 
as above. 

Crystals separated in the aqueous residue on concentration 
and after standing 12 hours were filtered from 4 cc. of mother 
liquor. 0.15 gm. of slightly (iolored crystals, having the same 
melting point as the uramino-acid added (185® uncorrected), 
were recovered. Mixing thc^ synthetic and the product recovered 
from the urine gavi^ no depression in the melting point. On 
recrystailizing a part of the product the melting point was not 
raised. The material was extracted for a further 0 hours, and 
the acetic-ether in the distilling flask again treated a-s before. 
No crystals were obtained from the aqueous residue. 

I. Mother liquor from cryBtalline uramino-acid recovered. 

NH 2 -N determined in 30 minutes reaction with HNO 2 ... 1 .0 ing. 

Uramino-acid equivalent to this N, 22.0 “ 

Calculated on a basts of NH 2 -N. 50 per cent of total N of compound. 

IT. Residue from second extraction of original material. 

NH 2 -N* 1.0 mg. 

Uramino-acid equivalent 14.0 “ 

Total uramino-acid recovered 0.186 gm. 

0.095 gm. uramino-acid dissolved in normal sodium hydroxide and made 
ui) to 10 cc. with water. 2 cc. specimen analyzed. 
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NHa-N after ^ hr 1.3 mg. 

0.095 gin. uramino-acid recovered from extraction experiment dissolved 
in normal sodium hydroxide and made up to 10 cc. 2 cc. specimen analyzed . 

NHa-N after ^ hr 1.3 mg. 

Calculated amount of nitrogen for one-half that of uram- 
ino-acid 1.3 “ 


Injection of a-Ureidoisobutylacetic Acid, 

A cat weighing 2 A kilos received 5 gm. of urethane by stomach 
tube and 5 gm. of a-ureidoisobutylacetic acid^ intravenously dur- 
ing the course of 1^ hours. ■ The urine was collected as described 
in the experiment on phenylalanine injection. The collections were 
made over a 10 hour period and the material was examined for 
uramino-acid as in the previous experiment. A total of 350 cc. 
of material was obtained and extracted in portions. A con- 
siderable quantity of white crystalline substance separated during 
extraction and crystallized from the aqueous residu(?s before 
concentration. 

A yield of 1,87 gm. of substance was obtained on concentration 
of the combined aqueous residues. 

The material melted at 208° (uncorrccted) and gave off amino 
nitrogen before treating with hydrochloiic acid. Isobutyl- 
hydantoin made from the uramino-acid melted at 212° (uncor- 
rccted) and gave off no amino nitrogen. 





r 

NH2-N 




Heaction time. 

Found. 

Tlioory for .50 
per cent N. 

mg. 


hr. 

mg. 

?ng. 

19.0 

Uramino-acid. 

1 

1.57 

1.53 

4.0 

Hydantoin. 


0 

0 


The mothtir liquor from the crystallization of uramino-acid 
was made alkaline with normal sodium hydroxide boiljjd to drive 
off ammonia and made up to 100 cc. Amino nitrogen deter- 
minations indicated the presence of an additional amount of 
uramino-acid of approximately 0.1 gm. 

* Made from active leucine. 
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CONCLUSION. 

1. A method has been devised by which one of the disturbing 
factors in the study of uramino-acids in relation to their bio- 
logical significance has been minimized, that is the interaction 
of amino-acid and urea, and Marshall’s urease method for the 
destruction of urea by urease has been applied to a procedure* 
where speed of decomposition with minimum analytical pro- 
cedure was of especial importance. 

2. The Van Blyke method for determining amino nitrogen has 
been applied to a new scries of substances as a means for their 
identification and study. AVhen associated with the fact that the 
anhydrides formed by the action of hydrochloric acid on these 
substances are not decomposed by nitrous acid to give amino 
nitrogen, the amino nitrogen of uramino-acids may be differen- 
tiated from that of amino-acids. 

3. Small amounts of several uramino-acids when added to 
urine have been recovered. 

4. The presence of preformed uramino-acid has not as yet been 

demonstrated in biological fluids following the injection of amino- 
acids. • 

5. Uramino-acids have been administered intravenously and 
recovered from the urine of the cat. 

The writer wishes to thank Miss Marion Sweeney for her 
assistance in the experimental work. 
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ON A SOURCE OF ERROR IN THE USE OF PICRIC 
ACID IN COLORIMETRIC ESTIMATIONS 
IN BIOLOGICAL FLUIDS. 

By ALICE ROHDE and MARION SWEENEY. 

{From, the George Williams Hooper Foundation for Medical Research, 
University of California Medical School, San Francisco.) 

(Rccoived for publirittion, September 25, IfllS.) 

Critical studies of picric acid as used for the quantitative 
colorimetric determination of creatine and ci’eatinine in blood (1) 
have been made by McCrudden (2), Hunter and Campbell (3), 
Folin and Doisy (4), Wilson and Plass (5), Greenwald and 
McGuire (6), and Denis (7) and suggestions made for modifying 
the procedure. 

In carrying out blood sugar determinations by the Benedict 
modifications (8) of the Benedict-Lewis method for blood sugar 
deteiTninations, the following observations were made upon picric 
acid. 

A sample of Baker^s chemically pure picric acid was purified 
by the method suggested by Folin (4). The material was divided 
into two portions, one put away in a dark closet in a brown bottle, 
dry (Picric Acid I), the other in the same closet in a colorless 
bottle with a little moisture (Picric Acid II). When these picric 
acids were next examined some 10 to 12 months later, the sample 
contained in the dark bottle was used for sugar determinations, 
A picric-picrate solution was made up from the second portion 
in the colorless glass bottle. This solution failed to precipitate 
protein in the blood samples in the usual way. Apparently less 
coagulum was formed and the filtrate was more highly colored. 
A new sample of Baker^s chemically pure moist picric acid, 
Picric Acid III, was made into a picric-picrate solution as before 
and comp^ed with the two former solutions in blood sugar 
determinations. Each picric-picrate solution was used also to 
prepare a glucose standard and compared with a permanent stand- 
ard of pioramic acid. 
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Error in Colorimetric Estimations 


TABLE I. 


Colorimetric Readings on Dog's Blood, 



Blood 

specimen. 

Glucose 

solution. 

Pernumeot 

standard. 

Picric Acid 

I 

fSame original 

10.5 

— 

— 

if it 

II ' 

\ sample, j 

4.0 

■H 

MM 

ft ft 

III. 


10.6 


H 





Picric Acids I and III melted at 122*^ and Picric Acid II 
at 120®. 


TABLE ir. 


Folin's Color Test for the Puritij of Picric Acid. 



Readings after 15 min. 

Readings after 24 hrs. 

Without 

all^i. 

With 

alkali. 

Without 

alkali. 

With 

alkali. 


Mm. 

mm. 

mm. 

mm. 

Picric Acid II 

10 

8.0 

10 

8.0 

III 

10 

9.0 

10 

9.0 


The figui’es would indicate that Picric Acid II is slightly in- 
ferior to No. Ill, but neither acid is to be discarded from this 
test. For a pure picric acid Folin gives 20: 14. 

Experiment to Test the Acidity of Picric Acids 11 and III, 


Samples of both Picric Acids II and III were titrated with 
0.1 N sodium hydroxide, using phenolphthalein as an indicator. 


Saturated picric acid 
Bolutioni. 

Gm. per 50 ec. 

Cc. 0.1 N NaOH necessary 
to neutralise. 

II 

0.60 

23.5 

III 

0,60 

26.5 


The protein of the blood sample was precipitated according 
to Wilson and Plass (6), and blood sugar determinations were 
run according to the method of Benedict (8) upon the protein- 
free neutral material. 
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Colorinicler Readinga. 


Picrio-picrate Bolution. 

Blood apecimen.* 

Permanent standard. 


mm. 

nim. 

T 

14.5 

15 

II 

14.9 

15 

III 

14.4 

15 


* 2 cc. of filtrate equivalent of 2 cc. of blood. 


CONCLUSION. 

A chn^mogenic Rul)8tance other than sugar is present in the 
blood which certain picric acid fails to precipitate. , Solid picric 
acid after purification may undergo a change in its precipitating 
value for chromogenic substances in the blood. Th(^ formation 
of a deeper color* on iKldition of alkali to picric acid solutions 
as tested by Folin does not account for the discrepancy of cer- 
tain picric acids in blood sugar determinations. I'Ik^ precipi- 
tating value of pici-ic acid must be determined before ndiaiice 
may bc^ placed upon color production in quantitative procedures 
for blood sugar. 
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A METHOD FOR THE ESTIMATION OF POTASSIUM 
IN BLOOD. 

By S. W. CLAUSEN. 

{From the Department of Pediatrics ^ Washington University Medical School, 

St. Louis.) 

(Received for publication, September 9, 1918.) 

This paper deals with an adaptation of the cobaltic nitrite 
method to the determination of potassium in small quantities 
of organic material. 

The cobaltic nitrite method, as developed recently ( 1 - 5 ), 
includes three steps: ( 1 ) precipitation of the potassium as potas- 
sium sodium cobaltic nitrite, K2NaCo(N02)6.H20; ( 2 ) oxidation 
of this precipitate in acid solution at boiling temperature with an 
excess of potassium permanganate; ( 3 ) titration of the excess of 
pennanganate with oxalic acid. 

In attempting to apply this method, it was at once evident 
that the small quantities of potassium involved ( 0.2 to 1 mg.) 
would necessitate the use of rather dilute KMnO-i solution. It 
was found that such dilute solutions, when boiled with acid, 
undergo appreciable decomposition. In order to eliminate this 
source of error, which is variable, use was made of an early and 
apparently abandoned step in th(‘, original method ( 6 ). 

When the potassium sodium cobaltic nitrite is heated with 
dilute NaOH, all the nitrite groups are changed to sodium and 
potassium nitrite, and the cobalt is precipitated as insoluble 
Co(OH) 3 which may be filtered off: 

K 2 NaCo(NO»)« + 3 NaOH « 2 KNO* + 4 NaNO^ + Co(OH)3 

The nitrites may be estimated by titration with dilute potas- 
sium permanganate. The nitrite solution after cooling is acid- 
ified with H2SO4 until about normal acidity is reached, and 
0.02 N KMn04 run in until a faint pink color persists for about 
i minute. The titration flask is then warmed on an electric 

479 



480 Estimation of Potassium in Blood 

plate, and pennanganate is slowly added until the color peraists 
J minute at about 70®C. In a series of analyses of pure NaNOa, 
in quantities varying from 0.5 to 5 mg. in 25 cc. of solution, the 
ratios of KMn04 used to NaNOa taken did not vary from each 
other more than 0.3 per cent. Furthermore, NaNOs in such 
amounts as 0.5 to 5 mg. may be boiled with 1 per cent NaOH 
for 5 minutes without appreciable loss of reducing power for 
KMnOi. 

In the presence of normal acidity, at room temperature, the 
reducing power for KMn 04 remains apparently unchanged for 
2 or 3 minutc>s, although the odor of the oxides of nitrogen is ^ 
apparent. Of course at elevated temperature, the loss of reduc- 
ing power is very rapid in acid solution. 

These facts furnish the? basis for the estimation of small quan- 
tities of potiissium. 

Estimation of Potassium in Pure Solutiotis, 

The reagents are: 

1. Sodium Cobaltic Nitrite Reagent. — This (7) is prepared from 
two stock solutions which keep well several months. 


A. Cobalt nitrate • 50 gm. 

Glacial acetic acid 25 cc. 

Distilled water to 1(K) 

B. Sodium nitrite 100 gin. 

Distilled water to 200 cc. 


6 part;S A and 10 parts B are mixed. A rapid cuiTont of air 
is passed through the solution for several hours to remove the 
fumes of oxides of nitrogen. Then the dark brown fluid Js kept 
on ice 2 days. Invariably some yellow precipitate forms, owing 
to traces of potassium and ammonium in the reagents. The 
filtered reagent keeps well for several weeks, if in a dark bottle 
in an icc box. 

2. Potassium Permanganate. — ^This is prepared (8) by diluting 
0.1 N KMn 04 to about 0.02 n and boiling under a funnel reflux 
condenser for 2 to 3 hom*s. After 1 to 2 days, the solution is 
decanted from the manganese oxides which have separated, and 
preserved in a cool dark place. Such solutions keep tvell several 
weeks. 
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3, Standard Potassium Solution.s» 

♦ 

A, Standard, 1 cc. = 10 mg. potassium. 

Pure KCl 9.546 gm. 

TICl (concentrated) 1 cc. 

Water to 5(K) “ 

B. * Standard, 2 cc. ~ 1 mg. 

Standard A 25 cc. 

IICl (concentrated) 1 

Water to 500 ** 


The potassium chloride is recrystallized several times, then fused. 
The hydrochloric acid is added to prevent growth of moulds. 

The solution for analysis should contain 0.2 to 2.5 mg. of 
potassium. It is measured into a 50 cc. beaker and evaporated 
nearly l)ut not quite to dryness, on a water bath. Two or three 
drops of glacial acetic acid are added, and 1 cc. of the sodium 
cobaltic nitrite reagent. hiVaporation is continued until the 
mixture becomes syrupy. It is then cooled, and 4 to 5 cc. of 
water are added. One should not carry th(' evaporation too far, 
as insoluble blown compounds are formed, which are liable to 
be associated with too high results. Th(‘. solution is cooled and 
4 or 5 cc. of water are added. 

Th(* precipitate of potassium sodium cobaltic nitrite is filtered 
off on a Gooch crucible with a fairly thick asbestos mat. Filter 
paper must not be used, b(‘cause during the subsequent boiling 
with 1 per cent NaOH, considerable reducing substance is formed 
from it. Just -before the mat is sucked dry, a suspension of 
BaS 04 is poured onto it. This not only fills up the larger pores, 
but serves as an excellent test of the mat. Before the water has 
all passed through the mat, the contents of the beaker containing 
the potassium sodium cobaltic nitrite are pour(>d on. The 
beaker is rinsed with 4 to 5 cc. of cold water, and the rinsings are 
poured onto the nearly dry mat. Such washing, with 2 to 3 cc. 
of water, is repeated six times. The mat when almost dry is 
transfeiTed to the beaker, and all adhering particles arc washed 
from the cmcible to the beaker with 9 to 10 cc. of water. 1 cc. 
of 10 per cent NaOH is added, and the contents of the beaker 
are heated to boiling, then cooled. The dark brown mixture is 
made up to exactly 25 cc. and centrifuged. 20 cc. of the clear 
fluid are pipetted off into a 150 cc. Erlenmeyer flask, 5 cc. of 
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1 : 4 H 2 SO 4 added, and titration with 0.02 n KMn 04 as described 
above is at once carried out. Blanks, run frequently, are usually 
small (0.05 to 0.10 cc ). The potassium value cf the perman- 
ganate is determined by analysis of the standard solution B. 
This value should be determined frequently, but does not vary 
greatly from day to day. . Calculations are based on the values 
thus obtained rather than on a theoretical factor. 

As may be seen from Table I, the analysis of pure KCl solu- 
tions is satisfactory. 


TABLE I. 

Analysis of Pure tCCl Solutions. 


Potassium taken, tug 

0.25 

0.50 

0.75 

0.02 N KMn04 required, cc 

1.53 

3.08 

4.. 59 

0.02 N TCMnO^ pnr rng. Iv, cc 

6.12 

6.15 

6.13 



Estimation of Potassium, in Blood. 

In applying this method to blood, it was thought that the salts 
present might interfere, although Green (9) had shown that this 
was not the case in applying the cobaltic nitrite method to urine. 
I have found that Ca, Mg, Fe, and phosphates,* in quantities as 
great as would be met with in blood analysis, do not interfere 
with the accuracy of the determination when added to pure 
KCl solutions. Organic material is removed by a ^‘wet” ashing 
process. 

The blood is ashed in a 200 X 25 mm. Pyrex glass tube with 
a mixture of nitric and sulfuric acids. For 2 cc. of plasma, or 1 
cc. of blood, 5 cc. of a mixture of sulfuric acid, 1 part, nitric acid 
20 parts, are sufficient. The tube arranged with a fume absorber 
as for a FoHn micro-Kjeldahl determination is heated by a micro- 
burner, adjusted so that boiling is slow, for about J hour. Foam- 
ing and bumping can be largely prevented by the use of a short 
piece of platinum wire i^ealed through the bottom of the tube, 
serving as a heat-conductor and boiling focus. After J hour the 
excess of HNOs is rapidly evaporated. The remaining drop of 
sulfuric acid darkens considerably. At this stage, the flame is 
turned off, and the small amount of HNOs condensed on the walls 
of the tube allowed to run back. If this is not sufficient to clear 
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up the H2SO4, two to three drops of HNO3 are added and boiling 
is resumed until the acid is colorless, when the tube is cooled. 

The oxidation mixture is washed into a 60 cc. beaker, made 
alkaline to phenolsulfonephthalein with 10 per cent NaOH, and 
evaporated to dryness on the water bath. A few drops of glacial 
acetic acid are addied, until the mixture is acid; then 1 cc. cobaltic 
nitrite reagent is added, and evaporation continued until crystals 


TABLE u. 

Recovery of Potimsium Added to Serum. 


, 

mg. 

1 . Serum uloiic 

0 J)1 

Added K(as KCl) 

1.00 

Total 

1.61 

Found 

1.62 

2. Serum alone 

0.70 

Added K(as KCl) 

1.00 

Total 

1.70 

Found i 

1.70 

! 



TABLE III. 

Potassium Deicrminalion in Bloody Expressed as Mg. per 100 Cc. 


Diagnosis. 

Plasma. 

1 Whole 
blood. 

Circutncisioii 

52.8 

2CK) 

Nephritis (?) 

67 

9‘)*> 

Diphtheria 

Pott’s Disease 

65 

178 

Nephritis 


165 

Cystitis; bladder stone 

117* 

234 

Intestinal obstruction 

89.5 

265 

Pyelitis 

70.5 

290 

Alimentarv intoxication 

71.8 

143 



* Slight hemolysis had occurred. 


of NafiS 04 appear. The mixture is then cooled. Dehydration 
by means of the Na«S 04 results in very complete precipitation 
of the KNa2Co(N02)6. From this point the determination is 
carried out as for piu*e solutions already described. 

That potassium added to blood may be recovered is evident 
from Table II. A few results obtained with plasma and whole 
blood are given in Table III. 
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In conclusion, it is to be emphasized that the reagents must 
be tested for the presence of potassium. One sample of c. p. 
NaOH purified by alcohol Contained nearly 0.05 per cent potas- 
sium. The sodium citrate used as an anticoagulant must also 
be tested for the presence of potassium. 
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CONDUCTIVITY AS A MEASURE OF PERMEABILITY. 


By W. J. V. OSTERHOUT. 

(Front the Laboratory df Plant Physiology, Harvard University, Cambridge.) 

(Received for publication, October 17, 1918.) 

The method of electrical conductivity has been used by the 
writer to investigate the permeability of protoplasm. In this 
work it has been assumed that we can measure the permeability 
of protoplasm by determining the electrical conductivity of the 
tissues. But it may be objected that what we investigate by this 
method is not the protoplasm but only the non-living intercellular 
material by which the masses of protoplasm (cells) arc separated 
in the tissue. 

It is obvious that when a curi'ent passes through the tissue a 
considerable part of it must flow in the intercellular substance. 
Since this has a much lower resistance than the living proto- 
plasm, the question arises whether any of the current passes 
through the protoplasm. 

It might appear that this question could be settled by killing 
the protoplasm with agents which do not affect the intercellular 
substance and observing whether the conductivity continued to 
show the marked changes which it undergoes in the living tissue 
under the influence of certain reagents such as NaCl and CaCl2. 
The results of such experiments sh<Tw that after killing the ceils 
the conductivity no longer changes when NaCl and CaClj are 
applied, but the question still remains whether the killing agent 
has not in some way altered the intercellular substance, so that its 
conductivity no longer changes as before. 

In the case of Laminaria (which furnished the material for the 
experiments which have hitherto been described) the question 
could not be settled as completely as was desirable because the 
chemical behavior of the intercellular substance was not sufficiently 
known. Therefore it seemed desirable to repeat the experiments 
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with plants whose intercellular substance consists of cellulose and 
to kill the tissues by means which are known to produce no ir- 
reversible changes in the properties of cellulose. For this purpose 
experiments were made with a green marine alga (Ulva) and with 
a marine flowering plant (Zostera) both of which have cellulose 
walls. 

The means employed for killing were various, including partial 
drying, treatment for a few hours with 25 pjsr cent alcohol, ex- 
posure for a few minutes to sea water at 40®C., as well as placing 
for several hours in a solution of NaCl of the same conductivity 
as the sea water. 

All these methods of killing produced similar results in that the 
conductivity rose to a constant value (indicating death) and was 
not thereafter affected by exposure to .reagents which produce 
great alterations in the conductivity of living tissue. 

We must therefore conclude that the alterations of conductivity 
observed in living tissue are due to changes in the protoplasm 
and not to changes in the non-living intercellular substance. 

A very striking proof of this consists in adding to the sea 
water solid CaCl 2 (or a strong solution of CaCl 2 ). This greatly 
increases the conductivity of the solution and consequently of the 
intercellular substance which is freely imbibed with the solution. 
It might therefore be expected that the conductivity of the tissue 
would be increased. Just the contrary is the case. Although 
the conductivity of the intercellular substances increases, this is 
more than offset by the decrease of conductivity of the proto- 
plasm due to the direct action of the calcium on the living proto- 
plasm. The result is a decrease of the conductivity of the tissue 
as a whole. This decrease does not occur with tissue killed by the 
agents described above. 

Another striking piece of evidence is found in the fact that the 
temperature coefficient of the electrical conductivity of living 
tissue differs from that of dead tissue. This could not be the 
case if the living protoplasm did not conduct a part of the current. 

We must therefore conclude that while a part of the current 
flows in the intercellular substance another part flows through the 
protoplasm itself and that the variations in conductivity are due 
to changes in the living protoplasm and not to changes in the 
intercellular substance (unless cases should be found where nm- 
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terial killed as described above shows variations in conductivity 
similar to those found in living tissue) 

If, in spite of this demonstration, the question be raised whether 
detenninations of conductivity really measure the permeability 
of the protoplasm, it may be answered that fhis method gives 
results of the same character as the method of plasmolysis, which 
has been generally relied upon for trustworthy information re- 
garding permeability. In addition, the results obtained by the 
electrical method are in complete agreement with those obtained 
by a variety of other methods of measuring permeability, such as 
that of tissue tension, exosmosis, and diffusion through membranes 
of living tissue.^ 

. This general agreement must mean that the electrical method 
measures permeability just as the other methods do.^ It is, how- 
ever, more accurate as well as more convenient. It enables us 
to make determinations at much shorter intervals than other 
methods. This not only permits the detection of rapid changes 
in permeability which would otherwise escape observation, but 
it enables us to determine with precision the time curve, which is 
indispensable in the study of d3mamics. 

* It is necessary to make sure that during the experiment the intercel- 
lular spaces should not change in size (as by the contraction of the proto- 
plasm) or in content (as by the displacement of gas by liquid). This 
source of error was carefully guarded against in the experiments here 
described. 

* Of. Brooks, S, C., Proc, Nat, Acad. Sc., 1916, ii, 569. 

* The method may be applied to intact organisms as well as to pieces 
of tissue. Experiments with intact fronds of Laminaria give the same re- 
sults as those made with pieces cut from the fronds. 




NOTE ON THE EFFECT OF DIFFUSION UPON THE 
CONDUCTIVITY OF LIVING TISSUE. 

By W. J. V. OSTERHOUT. 

{From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 

(Received for publication, October 17, 1918.) 

The writer has shown that electrolytes may be divided into two 
classes with respect to their effect on the electrical conductivity 
of living tissues: (1) those which produce a rise in resistance fol- 
lowed by a fall, and (2) those which produce only a decrease in 
resistance. Salts with bivalent and trivalent cations belong in 
the first class while those with monovalent cations belong in the 
second. 

Recently some apparent exceptions to this rule liave been 
met with. The behavior of certain substances is anomalous in 
three respects: (1) Although they are monovalent salts they pro- 
duce a rise in resistance, (2) the rise is unusually brief in duration, 
(3) it occurs in dead as well as in living tissue. 

As an example we may take an ex^jeriment with artificial sea 
water. This was made by mixing salts in the following molecu- 
lar proportions: 1,000 NaCl, 78 MgCh, 38 MgSO^, 22 KCl, 20. 
CaCl 2 , and adding sufficient water to make the electrical conduc- 
tivity of the solution the same as that of sea water. When 
tissue of Laminaria was transferred from this to an artificial sea 
water (of the same conductivity as sea water) in which RbCl 
was substituted for NaCl, there was a sharp rise in resistance 
which disappeared in a few minutes. On transferring to artifi- 
cial sea water with NaCl in place of EbCl, there was a drop in 
resistance. 

When the tissue was transferred from artificial sea water made 
with NaCl to one (of the^ same comluctivity as sea water) in 
*which LiCl was substituted for NaCl, there was a drop in re- 
sistance; on replacing in artificial sea water made with NaCl there 
was a rise. 
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Similar effects were observed on dead tissue, but here, as was 
to be expected, the changes were not so great. 

It is evident that these effects are due to diffusion. On trans- 
ferring from artificial sea water made with NaCl to one in which 
RbCl takes the place of NaCi,. the molecules of NaCl diffuse out 
of the tissue more rapidly than the larger molecules of RbCl can 
diffuse inward. Hence there is a temporary deficiency of salt 
in the tissue and the resistance accordingly rises. On the other 
hand the smaller molecules of LiCl diffuse in faster than NaCl 
can diffuse out, causing a temporary excess of salt, which lowers 
the resistance.^ 

Any confusion which might be caused by disturbances of this 
sort may be easily avoided by control experiments made on dead 
tissue. 

' If tissue is transferred from sea water to a solution of RbCl (of the 
same conductivity aa sea water) no rise is observed, since the diffusion 
effect is more than counterbalanced by the increase in permeability 
caused by pure RbCl. 



THE PROTEINS OF THE PEANIIT, ARACHlS HYPOGiEA. 

ra. THE HYDROLYSIS OF ARACHIN. 

By carl O. JOHNS and D. BREESE JONES. 

{From the Protein Irtvexligalion Laboratory, Bureau of Chcmuiry, Depart- 
ment of Agriotiliure, W ashington.) 

(Received for jrublication, October 17, 1918.) 

The preparation of arachin/ the principal protein in the pea- 
nut, AracMs hypogwa^ has been described in the first paper of this 
series. The procedure used in the hydrolysis of arachin and the 
isolation of the amino-acids is in general the same as that de- 
scribed in the hydrolysis of kafirin.^ 

It will be noted in the description of the experimental work that 
trouble was encount,ered in extracting the esters from the second 
esterification. This was finally overcome by removing the bases 
by. means of phosphotungstic acid and csterifying again. 

Foreman* has called attention to the fact that glutamiiiic acid 
readily forms pyrrolidong carboxylic acid in dilute acid or alkaline 
solutions. He has also shown that glutaminic acid can be formed 
from pyrrolidone carboxylic acid by hydrolyzing with hydro- 
chloric acid. This information was used in recovering glutaminic 
acid from the distillation residue. 

The percentage of the basic amino-acids was determined by 
Van Slyke's method as well aaby the direct method of Kossel and 
Kutscher. The values obtained for arginine ^nd histidine by 
both methods agreed closely. The Van Slyke method showed the 
presence of more lysing than we succeeded in isolating by the 
direct method. The results of the hydrolysis are given in Table I. 

^ Johns, C. 0., and Jones, D. B., J, Biol. Chem., 19RM7, xxviii, 77. 

2 Jones, D. B., and Johns, C. 0., J. Biol. Ckem., 1918, xxxvi, 323. 

® Foreman, F. W., Biochem. 1914-16, viii, 481. 
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TABLE I. 

Hydrolysis of Arachin. 


Glycine. 

p«r cent 

0.00 

4.11 

1.13 

3.88 

1.37 

2.60 

5.25 

16.69 

5.50'*' 

0.85t 

13.51t 

1.88t 

4.98t 

Present. 

2.03 

Aln.nine 

Valine 

Leucine 

Proline 

Phenylalanine 

Aspartic acid 

Olutaminie ncid 

Serine 

Oxyx)roUne 

Tyrosine 

Cystine 

Arginine 

Histidine 

Lysine 

Tryptophane 

Ammonia 


Total 

63.78 



* By the colorimetric method of Folin and Denis, 
t Basic amino-acids determined by Van Slyke's method. 


EXPERIMENTAL. 

500 gm. of arachin, equivalent to 466 of the ash- and mois- 
ture-free protein, were hydrolyzed separately in two portions of 
200 and 300 gm. each with a mixture of 600 cc. of concentrated 
hydrochloric acid and 600 cc. of water by boiling in an oil 
bath for 48 hours. The solution was diluted with water and fil- 
tered through norite. In this way the humin was removed and a 
solution obtained which was nearly colorless. After thoroughly 
washing the norite with hot water, the washings and the main fil- 
trate were united, the resulting solution was concentrated, and 
the glutaminic acid separated in the usual way by saturating with 
hydrochloric acid gas. There were obtainM from the two portions 
29.00 and 45.16 gm. respectively of glutaminic acid hydrochloride. 
With the 22.88 gm. subsequently obtained from the esters the 
total glutaminic acid hydrochloride weighed 97.04 gm,, equiva- 
lent to 77.76 gm. of glutaminic acid, or 16.69 per cent of the 
arachin. 
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The free acid obtained by decomposing the hydrochloride 
with an equivalent amount of normal potassium hydroxide was 
analyzed with the following results: 

0.2593 gm. substance gave 0.3860 gm. carbon dioxide and 0.1440 gin. 
water. 

Calculated for „ ,i , 

C6H.O4N: 


C 40.80 40.60 

H 6.12 6.21 


The filtrates from the glutaminic acid hydrochloride were 
united, concentrated to a thick sirup, and freed from water by 
evaporation with alcohol under diminished pressure. The residue 
of amino-acids was then esterified according to the method of 
Phelps and Phelps,'* and the resulting esters were liberated from 
their hydrochlorides by dissolving in absolute alcohol and adding 
the calculated amount of sodium necessary to combine with the 
chlorine, as described in a previous publication.^ The alcohol 
was removed from the esters by evaporation under diminished 
pressure and collected in a receiver containing hydrochloric acid 
so as to avoid any possible loss of esters by volatilization. The 
alcohol was saved for further examination. The cirupy residue 
of esters was then stirred with about a liter of ether, whereupon 
it soon changed to a stiff, plastic mass. The clear ether extract 
was removed by decantation. On stirring the semisolid residue 
with more ether, it gradually became friable and was reduced to 
a powder. This was extracted with fresh portions of ether sev- 
eral times. The ether extracts were dried over anhydrous so- 
dium sulfate in the usual way. The powdery residue remaining 
after the extraction with ether was freed from zinc by means of 
hydrogen sulfide, and subjected to a second esterification. The 
esterified product on cooling formed a hard, wax-like substance 
which would not yield to the usual methods of handUng the esters 
at this stage. As this condition of the residue was probably due 
to the relatively large amount of basic amino-acids present, the 
esters were hydrolyzed and the bases removed by precipitation 
with phosphotungstic acid. The solution thus freed froin the 
bases was evaporated to a sirup, and the residual amino-acids 
were esterified in the usual way. The ether was mnoved from 
the esters by distillation at atmospheric pressure. 260 gm. of 

* Phelps, I. K., and Phelps, M. A., Am. J. <Sc., 1907, xxiv, 194. 
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esters were obtained, 79 gm. of which were obtained from the 
second esterification. 

Alcohol Distilled from the Esters.— The alcohol, which had been 
distilled from the esters after their liberation from their hydro- 
chlorides with sodium ethylate and which had been acidified with 
hydrochloric acid, was evaporated to dryness and the residue 
boiled with water to hydrolyze the esters. After removing the 
chlorine with silver sulfate there were obtained 8.42 gm. of amino- 
acids which were added to a similar fraction obtained from the 
ether, which was distilled from the esters as described below. 

Ether Distilled from the Esters . — ^The ether which was distilled 
from the esters was acidified with an absolute alcohol solution of 
hydrochloric acid and allowed to stand at 0® for about a week. 
There was no separation of glycine ester hydrochloride. The 
ether was distilled off and the residue boiled with water for 7 
hours to hydrolyze the esters. After removing the chlorine with 
silver sulfate, the solution was evaporated to dryness. To this 
residue were added the amino-acids obtained from the alcohol dis- 
tilled from the esters as described above. The united fractions 
of amino-acids were boded with absolute alcohol to extract the 
proline. This alcoholic extract of proline was added to the pro- 
line solution obtained from the distilled esters. There were thus 
obtained about 17 gm, of amino-acids insoluble in alcohol. From 
this mixture were isolated by fractional crystallization 1.22 gm. 
of leucine, 9.90 gm. of alanine, and 5.88 gm. of a mixture contain- 
ing alanine, valine, and leucine. This mixture was added to a 
similar one obtained from Fractions I and II of the distilled 
esters. 

Analysis showed the leucine to have the following composition, 

0.1634 gm. substance gave 0.3282 gm. carbon dioxide and 0.1451 gm. 
water. 


C 54.96 64.78 

H 9.99 9.94 


The alanine had the following composition. 

0.9072 gm. substuice gave 0.3090 gm. carbon dioxide and 0.1469 gm. 
water. 


C 40.41 40.67 

H 7.92 ; - 7.03 
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The esters remaining after the removal of the ether were dis* 
tilled in the usual way with the following result. 


Fraction . 

Temperature 
of the 
bath up to 

Pressure. 

Weight. 


•c. 

mm. 

ffm. 

I 

100 

10.0 

17.5 

n* 

108 

0.8 

36.5 

in 

Distillation residue ' 

135 

1.0 

33.5 

146.0 


Fraction /. — This fraction was hydrolyzed with boiling water, 
the solution of amino-acids evaporated to dryness under reduced 
pressure, and the proline extracted with boiling absolute alcohol. 

By systematic fractionation of the free amino-acids from water, 
and from water and alcohol, there w^ere obtained from this frac- 
tion 0.71 gm. of leucine, 7.51 gm. of alanine, and 2.05 gm. of a 
mixture consisting chiefly of valine and leucine. This mixture 
was united with other similar mixtures obtained during the course 
of this analysis (see below). The presence of glycine could not 
be established. The leucine gave the following ana^sis; 

0.1329 gm. Bubslarico gave 0.2680 gm. carbon dio.xido and 0.1198 grn. 
water. 

Calculated for j . 

CeHnOsN: 


C 54.90 55.00 

H 9.99 10.09 


Analysis showed the alanine to have the following composition. 


0.1445 gm. substance gave 0.2130 gm. carbon dioxide and 0.1050 gm. 
water. 


Calculated for 


amoVN: • 

C 40.41 40.20 

H : 7.92 8.13 


Fraction II . — The esters of this fraction were hydrolyzed by 
boiling with water until the alkaline reaction to litmus had dis- 
appeared. After removing the proline by extraction with abso- 
lute alcohol, a residue of amino-acids insoluble in absolute alcohol 
was obtained consisting of leucine and valine, from w^hich by 
fractional crystallization 11.11 gm. of leucine were isolated. The 
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remainder formed an inseparable mixture of leucine and valine. 
To this mixture was added the fraction consisting pf alanine, 
valine, and leucine obtained from the ether which was distilled 
from the esters, and also the valine-leucine mixture obtained 
from the distilled esters of Fraction 1. These united portions 
were then subjected to the lead salt method of Van Slyke and 
Levene^ for the separation of leucine and valine. There were thus 
isolated in the form of the lead salt 5.03 gm. of leucine. The lead 
leucine gave the following results on analysis. 

0.2719 gm. substance gave 0.1767 gm. lead sulfate. 

Calculated for 
PbfC^HiaOaNa)*: 

Pb 44.29 44.38 


The filtrate from the lead leucine, after having been freed from 
lead with hydrogen sulfide, yielded by fractional crystallization 
5.27 gm. of valine and 1.74 gm. of alanine. The valine crystal- 
lized in the characteristic lustrous plates, which by analysis were 
shown to have the following composition. 


0.2678 gm. substance gave 0.5067 gm. carbon dioxide and 0.2282 gin, 
water. 


Calculated for i?,..,,,. . 
. CtHiiOrN: »ouiid. 

C 51.28 51. (iO 

H 9.47 9.63 


The alanine was analyzed with the following results. 

0.1714 gm. substance gave 0.2547 gm. carbon dioxide and 0.1240 gm. 
water. 

Calculated for 
CmrOaN; 


C 40.41 40.53 

H.. 7.92 8.08 


All of the alcoholic extracts of proline were united. After 
filtering off a small amount of a substance which had separated 
on long standing, the solution was evaporated under reduced 
pressure to dryness. The residue was completely soluble in cold 
absolute alcohol. It was again taken down to dryness and the 
residue dissolved in water and made up to 500 cc. The total ni- 

* Van Slyke, D. D,, and Levnne, P. A., Froc. Soc. Exp* Bwl. and Med*y 
1908-09, vi, 64. • 
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trogen in this solution was 1.0687 gm. and the amino nitrogen 
0.2885 gm. The difference, 0.7802 gm., is equivalent to 6.41 
gm. of proline. 

Fraction IIL — The phenylalanine ester of this fraction was re- 
moved in the usual way by extraction with ether. It yielded 5.18 
gm. of phenylalanine in the form of the hydrochloride. The free 
phenylalanine gave the following analysis. 

0.2032 gm. siibatancc gave 0.4862 gm. carbon dioxide and 0.1219 gm. 
water. 

Calculated for . 

aH,iO,N: Found. 

C 65.45 65.26 

II 6.66 6.71 


There were further obtained from this fraction 9.54 gm. of 
aspartic acid as the barium salt, and 2.47 gm. as the copper salt. 
The free aspartic acid, obtained by decomposing the barium 
salt with sulfuric acid, reddened but did not decompose at 
300°C. 

0.2065 gm. substance gave 0.2731 gm. carbon dioxide and 0.0978 gm. 
water. 

Calculated for . 

CiHiO.N: I'ound. 


C 36.09 36.07 

H 5.26 5.30 


The copper aspartate when recrystallized from water sepa- 
rated in the characteristic sheaves of needles. 


0.1729 gm. air-dried substance gave 0.0501 gm. copper oxide. 


Cii 


Calnuluted for 
C4H»04NCu.4iIl20; 

23.07 


Found : 

23.15 


Distillation Residue , — The uiidistilled portion of the esters was 
shaken with a mixture of ether and water to remove the phenylala- 
nine, On standing there separated from the ether solution about 
3.5 gm. of diketopiperazines which were filtered off, the ether 
being allowed to evaporate spontaneously. The residual esters 
were hydrolyzed by heating on a steam bath with concentrated 
hydrochloric acid. About 2 gm. of a black tarry substance sepa- 
rated which was removed by extraction with ether. The acid 
solution, after having been decolorized with norite, was concen- 
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trated and yielded 5.40 gm. of phenylalanine hydrochloride. 
The free phenylalanine, obtained by decomposing the hydrochlo- 
ride with ammonia, gave the following results when analyzed. 

0.1576 gm. substance gave 0.3766 gm. carbon dioxide and 0.0967 gm. 
water. 

Calculated for . 

C»HiiOaN; Found. 


C 65.4e5 65.17 

H 6.66 6.79 


The filtrate from the phenylalanine hydrochloride after having 
been freed from chlorine and the solution boiled with copper car- 
bonate, yielded 0.66 gm. of copper aspartate which crystallized 
from water in the characteristic sheaf-like crystals. 

There were further obtained from the filtrate from the copper 
aspartate, after having removed the copper with hydrogen sul- 
fide, 0.3 gm. of tyrosine and 2.5 gm. of phenylalanine. 

The aqueous solution remaining after shaking the distillation 
residue with ether and water was boiled with barium hydroxide 
to hydrolyze the esters. The barium was removed quantitatively 
with sulfuric acid and the solution concentrated. After filtering 
off 3.98 gm. of tyrosine which had separated, the solution was 
saturated with hydrdchloipc acid gas, bu^ on standing for several 
days at 0° no glutarainic acid hydrochloride separated. The 
hydrochloric acid was removed by evaporation under reduced 
pressure and finally with silver sulfate, and the solution boiled 
with copper carbonate. On standing there ciystallized 8.18 gm. 
of copper aspartate. 


0.20S4 gm. substance gave 0.0609 gm. copper oxide. 

Calculated for 
C4 Hi 04N Cu.4i HiO; 

Cu 23.07 


Found: 

23.35 


The filtrate from the copper aspartate, after removing the cop- 
per with hydrogen sulfide, gave a large precipitate on addition of 
an excess of phosphotungstic acid. After the solution was freed 
from the basic amino-acids in this way, it yielded 2.0 gm, of 
tyrosine, 3.35 gm. of glutaminic acid hydrochloride, 3.36 gm, of 
copper aspartate, and a considerable amount of a clear, yellow 
sirup from which on long standing nothing separated. It seemed 
very probable that considerable of the glutaminic acid priginaJly 
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present in the distillation residue might have been converted into 
pyrrolidone carboxylic acid, by having been subjected to the 
various steps in the foregoing analysis. Foreman® has shown 
that the glutaminic acid can be almost completely recovered by 
hydrolyzing the pyrrolidone carboxylic acid by boiling with 20 
to 26 per cent hydrochloric acid. The above mentioned sirup 
was accordingly boiled with 26 per cent hydrochloric acid for 
about 19 hours. The solution was then concentrated to about 75 
cc., saturated with hydrochloric acid gas, and allowed to stand for 
a few days in a refrigerator. A large yield of crystals separated. 
There* were thus obtained 19.63 gm. of pure glutaminic acid 
hydrochloride which melted with decomposition at 197°C. The 
free glutaminic acid, obtained by decomposing the hydrochloride 
with an equivalent amount of normal potassium hydroxide, gave 
the following results on analysis: 

0.2758 gm. substance gave 0.4117 gm. carbon dioxide and 0.1556 gm. 
water. 

Calculated for 
C 6 H 9 O 4 N; Found. 


C..; 40.81 40.71 

H 6.12 6.31 


Tyrosine . — A quantity of aracliin equivalent to 1 gm. of the 
ash- and moisture-free protein was hydrolyzed by boiling with 
26 cc. of 20 per cent hydrochloric acid for 11 J hours. The solu- 
tion was decolorized with norite, made up to 100 cc., and the tyro- 
sine determined colorimetrically according to the method of Folin 
and Denis.®* The tyrosine found was equivalent to 5.50 per 
cent of the arachin. 

Aspartic Acid . — 50 gm. of arachin, equivalent to 46.62 gm. of 
ash- and moisture-free protein were hydrolyzed by boiling with 
200 cc. of 20 per cent hydrochloric acid for 40 hours. The aspartic 
acid, together with some glutaminic acid, was separated from the 
other amino-acids by precipitation of their calcium salts accord- 
ing to the method of Foreman.® There were finally isolated in 
pure condition 6.42 gm. of copper aspartate. This is equivalent 
to 2.61 gm. of aspartic acid or 5.61 per cent of the arachin. The 

• Folin, 0., and Doni^ W., J. Biol. Chem., 1912, xii, 245. 

^ Johns and Jones, J. Biol. Ckem., 1918, xxxvi, 319. 

® Foreman, Biochem. 1914r-15, viii, 463. 



500 


Proteins of Peanut. Ill 


copper aspartate crystallized from water in the characteristic 
sheaves, and gave the following results on analysis: 

0.2061 gm. substance gave 0.0594 gm. copper oxide. 

Calculated for 
C4H604N Cu. 4i H«0: 

Cu 23.07 23.03 

The total aspartic acid isolated from the distilled esters was 
3.84 per cent, which is 1.77 per cent less than that obtained by 
the above method. 

Basic Amino-Add , — The bases had been previously detennined 
by Van Slyke^s® method. The bases were also determined by the 
direct method of Kossel and Kutscher. This determination 
gave 12.54 per cent of arginine, 2.13 per cent of histidine, and 
1.72 per cent of lysine. 

The values obtained for arginine and histidine agree well with 
those found by Van Slyke’s method, while the value found for 
lysine is much lower. 

The lysine was detennined by weighing pure lysine picratc. A 
sirupy residue was left from which more lysine picrate could not 
be crystallized. This accounts in part for the discrepancy be- 
tween the results obtained by the different methods. 

• Johns and Jones, J, Biol. Chem,, 1917, xxx, 33. 



THE INFLUENCE OF PROTEIN FEEDING ON THE CON- 
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NITROGENOUS METABOLITES 
IN THE TISSUES. 

By H. H. MITCHELL. 

(From, the Department of Animal Husbandry, University of Illinois, Urbana.) 

(Kcceivod for publication, October 8, 1018.) 

In the last few years much information has been secured in re- 
gard to the metabolism of the proteins, due largely to the elab- 
oration of accurate methods for the determination of amino-acids 
and their nitrogenous metabolit,es. As the result of many excel- 
lent and highly significant experimental researches, at least the 
general features of the method by which the mammalian organ- 
ism utilizes the energy" content of protein material have been 
revealed. The true significance of the amino-acids in relation to 
protein utilization and protein requirements is now known, and 
consequently the purpose of the extensive hydrolytic cleavage of 
proteins in the gastrointestinal tract is no longer ambiguous. 
There is now no reason to believe that the amino-acids undergo 
any appreciable change during their passage through the ab- 
sorptive membranes of the intestines^into the blood and lymph, 
and their ready access in greater or less amounts to all the tissues 
of the body cannot be doubted. Their subsequent catabolism is 
known to yield, on the one hand, a series of nitrogenous substances, 
whose identities and transfonnations have been determined ex- 
perimentally with a large measure of success. On the other hand, 
the residual non-nitrogenous substances simultaneously produced 
have in the main eluded direct experimental research in vivo, a 
circumstance the more unfortunate, since they contain practically 
all of the physiologically available energy of the original amino- 
acids. The identity and the possible transformations to which 
these latter substances are subjected have of necessity been in- 
vestigated by indirect methods. Needless to say, the interpreta- 
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tion of results secured by such methods is not simple. However, 
from the sum total of experimental data thus obtained certain 
inferences may be drawn concerning the general courses of break- 
down of the non-nitrogenous residues of the various amino-acids, 
inferences which may reasonably be assumed to possess a high 
degree of probability. 

There are, naturally, some phases of amino-acid catabolism con- 
cerning which the experimental evidence obtained is insufficient 
or even conflicting. For example, the question of the effect of 
protein ‘‘feeding on the concentration of amino-acids in the tissues, 
and of certain of their nitrogenous metabolites, seems still un- 
feetllcd. A somewhat detailed and critical review of the experi- 
mental evidence on this point is in order before considering the 
additional data to be reported in this paper. 

It has been shown repeatedly by many experimental investi- 
gations that the amino nitrogen content of the blood may be 
doubled or even tripled during the digestion of a heavy protein 
meal, so that as regards the blood there can be no question that 
protein feeding increases its amino-acid concentration. As re- 
gards the muscle tissue, the evidence is not so clear. 

Folin and Denis, in their pioneer investigations on protein 
metabolism, always obtained an increase in the non-protein nitro- 
gen of muscle following the injection of amino-acids, amino-acid 
digestion mixtures, or Witters peptone into a ligated loop of in- 
testine, provided that such materials wore readily absorbed. 
Furthennore, the increases thus obtained could not be accounted 
for by increases in urea or ammonia, and presumably, therefore, 
were due to the absorption of amino-acids by the muscle tissue 
from the blood. However, it cannot, of course, be concluded 
with certainty from these experiments that during the relatively 
slow liberation of amino-acids in normal protein digestion the 
amino-acid content of the muscles would increase, though cer-! 
tainly this evidence establishes a degree of probability to that 
effect. 

The experiments of Van Slyke and Meyer along the same gen- 
eral lines' are capable of yielding more definite information, since 
they deteimined directly the amino-^cid nitrogen of their samples 
by the now standard nitrous acid "method. However, most of 
their analyses were made on the tissues of dogs after the injection 
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into the venous blood of amino-acids and protein digestion mix- 
tures. Only a relatively few experiments were performed on tlogs 
.•during normal protein digestion. The experiments on the in- 
jection of amino-acids clearly demonstrated the following: . 

1. The tissues rapidly absorb amino-acids from the blood when 
their concentration in that fluid is increased. An equilibrium 
is reached when the tissues contain roughly about ten times the 
percentage of amino-acid present in the blood. This process is 
not a mere diffusion, though the tissues do not appear to be in 
chemical union with the absorbed amino-acids. 

2. Muscle and kidney tissue retain all of the amino-acids thus 
absorbed for 3 or even 4 hours. Apparently there is a latent 
period of several hours duration between the taking up of amino- 
acids by the muscles from the blood and the catabolism of the 
excess amino-acids. The liver, on the other hand, although 
capable of absorbing more amino-acids per unit of weight than 
any other organ or tissue examined, does not retain them for any 
length of time : in 3 or 4 hours the excess arnino-acids had disap- 
peared. Furthemiore, there seemed to .be no reason for assum- 
ing that they had been transferred to any other organ or tissue, 
and since, simultaneously with their disappearance from the 
liver, there was a rise in the urea content of the blood, the con- 
clusion was drawn that the liver catabolized amino-acids at a 
very much greater rate than the muscles, and that at* least a 
part of the nitrogen thus formed is converted into urea. 

Tlicse are the most important facts and conclusions resulting 
from the experiments on the intravenous injection of amino-acids 
into dogs. From exi>eriments on fasting dogs and on dogs di- 
gesting a heavy protein meal, two results of outstanding impor- 
tance were obtained: (1.) In dogs which, after 48 hours fasting, 
were given heavy meals of meat, in all cases the urea content of 
the blood rose almost immediately after the meat was consumed. 
Roentgenograms showed, in fact, that the rise in urea was simul- 
taneous with the passage of the first particle of chyme from the 
stomach to the duodenum. (2) A comparison of the tissmis of 
fasting dogs with those of dogs killed a few hours after consuming 
fresh meat showed that neither the livers nor other tissues of the 
fed apimals contained a definitely greater store of amino-acids 
than did the tissues of the fasting animals. 
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From these somewhat remarkable results it was concluded that, 
unreasonable as it may appear, the organism does not wait until 
it has absorbed sufficient protein digestion products to meet its* 
immediate reqiiirements and thereafter begin to turn the surplus 
into urea. The very beginning of absorption stimulates the urea- 
forming function into activity, this initial urea formation being 
attributed to the liver. It was also concluded that the concen- 
tration of amino-acids in {he body is so well regulated, presum- 
ably by the liver, that no great fluctuations ordinarily occur, 
even after heavy consumption of protein. **The digesting dogs 
must have either destroyed or condensed into protein practically 
all the amino-acids which they absorbed, and have done so at a 
rate which was nearly parallel with that of absorption. 

The above interpretation of the two experimental results just 
stated seems open to question. In the first place the formation 
of urea by the liver from ammonium salts arising from the hy- 
drolysis of protein in the stomach and intestine is not considered. 
The increase observed in the concentration of urea in the blood 
cannot with certainty, therefore, be ascribed to the de^imination 
of amino-acids, and such an interpretation may even be consid- 
ered improbable in view of the close coincidence observed between 
the appearance of surplus urea in the blood and the first passage 
of ch3Tcne from the stomach to the duodenum. In all proba- 
bility no amino-acids are liberated during the gastric digestion of 
proteins, at least in any but negligible quantities, while ammonia 
is undoubtedly one of the products of peptic digestion and is 
produced in considerable quantities from most proteins. Hence 
any urea formed by the liver immediately after the entrance of 
chyme into the duodenum more probably originated from am- 
monium salts than from amino-acids. The ability of the liver to 
convert rapidly ammonium salts of organic acids into urea is 
well recognized, while its ability rapidly to deaminize amino-acids 
and convert the resulting ammonia to urea is not so well estab- 
lished, and indeed has been denied by some investigators. 

Hence the rate of increase of urea in the blood during protein 
digestion can give no sure clew to the rate of amino-acid catabo- 

^ For a very complete discussion of Van Slyke’s experimental data and 
the conclusions deduced therefrom, see Van Slyke, B. B., Arch. Int. Med, ^ 
1917, xix, 50. 
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lism, nor to the time at which this catabolism is initiated. The 
liver is probably competent to keep the concentration of am- 
monia in the systemic blood and in the other tissues within 
very narrow limits under normal conditions of metabolism, by 
conversion of ammonium salts into urea; that it is competent to 
do likewise with the concentration of amino-acids is less certain. 
In fact, if the liver possessed such a capacity, many phases of 
protein utilization, especially in the growing animal, would be 
difficult to understand. It may be mentioned, also, that there 
exists an unexplained contradiction betwe<in the results of Van 
Slyke, which indicate the formation of urea almost immediately 
after the ingestion of protein, and those of Folin and Denis, 
which indicate a lag of | to 1 hour between tlic time of injection 
of amino-acid mixtures into a ligated loop of intestine and an 
increase in the concentration of urea in the blood. 

As regards the se(!ond result of the experiments on fed and 
fasting dogs, which indicated no essential differences in the con- 
centration of amino-acids in the tissues of fasting dogs and of 
dogs killed at the height of protein digiistion, the published data 
on this point are too few to be particularly convincing.^ Analy- 
ses have b(K'n reported by Van Sljdie and MeytT of the amino- 
acid content of the tissues of seven dogs, one killed 5 hours after 
a meal of 1 pound of fresh meat, and the others killed after fasting 
18 hours, 20 hours, and 2, 4, G, and 12 days. It will be noticed 
that the comparison must be made between one fed dog, and six 
dogs fasted for different intervals, all of which, however, were 
killed in the ^^postabsorptive period. The data for the fasted 
dogs are extremely variable among themselves and for no single 
tissue is there a consisttmt progressive increase or decrease in 
amino-acid content with the length of the fasting period. It is 
true that the data for the single fed dog are not to be distinguished 
from those for the other animals, but it seems obvious that the data 
are statistically insufficient to Justify drawing positive conclusions. 
If animals killed 5 hours after a meat meal exhibit as great a 
vaiiability in the amino-acid content of their tissues as the six 
fasted dogs, it is quite possible that the one fed dog actually ana- 
lyzed may have been exceptional in this respect, a surmise some- 

* Van Slyke, D. D., and Meyer, G. M., J. Biol. Chem., 1913-14, xvi, 231. 
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what fortified by the fact that the amino-acid content of the blood 
of the fed dog was no higher than that of the dog fasted for 18 
hours and only slightly higher than that of the dog fasted for 4 
days. This relation is quite different from that reported in an 
earlier paper by the same investigators,'^ in which it is shown that 
the amino-acid content of the blood of two dogs killed 5 hours 
after a meal of 1 kilo of fresh beef is about double that of the 
same dogs before the meal and following a 24 hour fast. 

Passing from the data to the interpretation, i,e. that digesting 
dogs must destroy or condense into protein all amino-acids, 
which' they absorb, at a rate parallel to that of absorption, the 
objection may be raised that such an interpretation is not con- 
sistent with the numerous results obtained on dogs following the 
injection of amino-acids intravenously. These experiments, as 
mentioned above, showed clearly that the muscles and kidne^ys 
retain in undiminished amount the excess amino-acids absorbed 
from the blood, for as long as 4 hours. No rc^ason is apparent 
why, in the one case, amino-acid catabolism should be so rapid 
in the muscles, while, in the other case, it is so long delaj^ed. 
On the basis of the results obtained in the injection experi- 
ments, and of the demonstrated fact that during protein di- 
gestion the amino-acid content of the systemic; blood is notably in- 
creased, one should expect that the amino-acid concentration in 
the muscif^s would increase also to an extent corresponding to the 
amino-acidemia and its duration, and that this increased concen- 
tration would persist for several hours. As a matter of fact, 
4’olin and Demis obtained results that may reasonably be inter- 
preted as ihdicating an increased amino-acid concentration in the 
muscles following the injection of amino-acid mixtures into the 
intestine. 

♦In order to understand the extent to whi(;h protein nutriment is 
accessible to the tissues of the body, and the function of the liver 
in regulating the arnino-acid concentration of the tissues, addi- 
tional information is needed. If the deaminizing function of the 
liver is as vigorous as Van Slyke assumes, no appreciable change 
in the amino-acid concentration of the tissues would occur during 
protein digestion, and as a consequence only a negligible portion 

3 Van Hlyka and Meyer, J. Biol. Chem., 1912, xii, 408. 
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of the amino-acids coming to the liver through the portal vein 
could be assumed to reach the other tissues of the body. Under 
these conditions, the growing animal, the animal recuperating 
from disease or inanition, and the pregnant or lactating female, 
would be placed under a great handicap in covering their protein 
requirement, unless a further assumption can be made that under 
these conditions the deaminizing function of the liver is in some 
way depressed to allow the tissues to obtain abundant protein 
nutriment. On the other hand, if the function of the liver is 
simply to prevent the amino-acid concentration of the blood and 
tissues from increasing to such an extent as to produce injurious 
results, that is, if the deaminizing function of the liver operated 
at full capacity only under the stimulus of an excessive amino- 
acidemia, then it would be expected that the tissues (jould at all 
times secure sufficient })rotein nutriment without being over- 
loaded and injured, as could be demonstrated experimentally by 
the determination of moderate increases in the arnino-acid con- 
centration of the tissues during protein digestion. 

The main purpose of the experiments to be reported in this paper 
was to determine whether or not an increase in the annno-acid 
concentration of the tissues actually occurred during protein di- 
gestion, and, second, to obtain information if possible, as to 
the rate of amino-acid catabolisni, by investigating the changes 
in concentration in the tissues of the nitrogenous metabolites of 
the aniino-acids, ammonia, and urea. The investigation was under- 
taken w'itli the conviction that the accunuilatron of a consider- 
able amount of data is requisite before satisfactory conclusions 
can he drawn; the problem is essentially a statistical one. As an 
additional illustration of the difficulties that may be. em^ouiitered 
when the data are too few^ and .too variable to w^arrant interpre- 
tation, reference may be made to an investigation by Miss Wishart, 
working in Lusk^s laboratory, to determine the influence of meat 
ingestion on the amino-acid content of blood and muscle.' 'llie 
muscle tissue of three fasting dogs was analyzed for total non- 
protein nitrogen and for urea. The results for non-protein nitro- ‘ 
gen other than urea, presumaWy largely amino-acid nitrogen, 
were 113, 81, and 145 mg, per 100 gm. of tissue. For tw^o dogs 
killed 3 hours after the ingestion of 1 kilo of meat, the correspond- 


* Wishart, M. B., /. BioL Chcm.f 1915, xx, 535. 
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ing values were 115 and 132 mg., and for two dogs killed 5 hours 
after the meat meal, the values were 101 and 117 mg. While 
the conclusion drawn was that no positive increase in the amino- 
acid content of muscle occurs during protein digestion, the dis- 
parity existing among the figures for the fasting dogs undoubtedly 
introduces a considerable element of doubt as to the correctness 
of the conclusion. However, the work of Wishart, and of Van 
Slyke and Meyer has induced Lusk to change his theory as to the 
cause of the specific dynamic effect of the amino-acids. Con- 
vinced that no appreciable change in concentration of amino-acids 
,in the tissues occurs during digestion, he now concludes that the 
amino-acids themselves cannot be the cause of the increased heat 
production, but that the first products of arnino-acid breakdown, 
keto- or hydroxyl-fatty acids, are probably the cell stimulants. 

Methods, 

Albino rats were used in this investigation, since, with such 
small animals, the analysis of the entire carcass presents no par- 
ticular difficulties. The plan of the experiment was to make 
analyses of animals killed after a fast of 24 to 48 hours, and, for 
comparison, of other tanimals killed at varying periods after the 
ingestion of a high protgin meal. The ration fcul to the latter 
animals consisted of casein (h^irner and Amend) (>() per cent, skim 
milk powder (Merrcll-Soulc) 10 per cent, and butter fat 30 per 
cent. On analysis the I'ation was found to contain 7.75 per cent 
of nitrogen. Considering the ingredients used, this nitrogen 
must have been j)ra(4ically all protein nitrogen. 

The animals were all killed with ether, and opened immedi- 
ately. The gastrointestinal tract was removed from cardia to 
rectum and thoroughly washed out with physiological salt solu- 
tion. For most of the animals the liver, and occasionally the 
kidneys, was removf^d for separate analysis, together with a 
sample of muscle tissue weighing generally from 8 to 10 gm., 
taken from the hind legs which were practically stripped of muscle 
to provide the sample. For all rats analyzed, the bladder was 
empty of urine. The carcass and intestinal tract were analyzed 
together, after passage through a meat grinder. All samples 
were ^extracted with boiling ammonia-free water, acidified with 
acetijb acid, according to the recommendation of Van Slyke.^ 

tf 

® Van Slyke, J, Biol. Chern., 1913-14, xvi, 187. 
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Each sample was extracted eight times with approximately five 
times its weight of water. The carcass and intestines were ana- 
lyzed for ammonia, amino nitrogen, and urea; the separate tissues, 
for amnionia and urea only. In the former case, ammonia was 
determined both by (he rlistillation method of Van Siyke'^ and 
by simple aeration after the addition of potassium carbonate, 
simultaneously with the urea determination. For the liver, 
muscle, and kidney samples, only the distillation method was 
used, urea being determined in the extract frc^ed of ammonia by 
that means. Amino nitrogen was determined by the nitrous acid 
method of Van Slyke,*^ always on ammonia-free material, and 
urea by the method of Van Hlyke and Cullen, ‘‘ using a vacuum 
pump and continuing the aeration for 1 hour. By repeated 
t(\st, 1 hour was found to be more than suffi(;i(*nt to draw through 
the solutions 100 liters of air. For both the ammonia and urea 
determinations api)roximately 0.02 n sulfuric acid was used, back 
titrations being made with alkali of equal strength. 

At first, th(‘ amount of ration eaten by each of the fed rats 
])revious to analysis was accurately weiglK'd, but later no record 
was ke])t of this, since it was evidcnit that the analytical results 
obtained bore no relation to the amount of food eaten, j)ossibly 
b(‘(*ause in all eases enough food was tak(m to keep the stomach 
wi'll filled up to the time of killing. There seems to ])e no reason 
foi’ Ix'heving that the amount of food taken into the stomach 
during a meal, Ixnirs any relation to th(‘ rate of passage of chyme 
into the duodenum, (‘xeept perhaps in (^ases involving extixanc 
gorging of the stomach. 

All the above analyses were run on protein-free solutions. At 
first, the attempt was made to precipitate the non-eoagulable 
proteins by wi-phosphoric; acid, but difficulties in filtration finally 
led to tke use of five volumes of absolute alcohol for that ])urpose.'^ 
Tests on one rat extract indicated that the latter reagent gave not 
only a more easily filterable precipitate, but also a more complete 
precipitation. Thus, for one of the fasted rats, the nitrogen not 
piccipitated by w-phosphoric acid amounted to 2.072 gm., while 
that not precipitated by alcohol was only 1.349 gm. At the same 


** Van 81yke, t). D., and Cullen, G. K., J. Biol. Chem., 1914, xix, 211; 
1916, xxiv, 117. 



610 Protein Feeding and Tissues 

time, the amino nitrogen in the two cases was practically identical; 
i.e., 0.247 gm. from the m-phosphoric acid precipitation and 
0.239 gm. from the alcohol precipitation. In another test on a 
fed rat, the total non»protein nitrogen by the m-phosphoric 
acid precipitation was 0.551 gm., and by the alcohol precipi- 
tation, 0.384 gm. The amino nitrogen in the former case was 
102 mg., and in the latter case only 88 ihg., an appreciable 
difference. 


Results. 

The experimental data obtained on the main portions of the rat 
carcasses, in some cases exclusive of the special tissue samples, 
are given in Table I, expressed in mg. of nitrogen per 100 gm. of 
rat. The ammonia values thus expressed are fairly constant and 
indicate no clear distinction between fed and unfed animals. 
The urea values are more variable, and indicate clearly, as would 
be expected, that in the fed animals the concentration of urea 
in the tissues is distinctly greater than in the fasted animals. 
It is a fair conclusion, therefore, that an active amino-acid cat- 
abolism was occurring in those animals killed a few hours after 
feeding. 

The amino nitrogen figures show a noticeable tendency to de- 
crease from the earlier to the later experiments. This relation is 
especially well shown in the case of the fasting animals. For the 
ten animals killed in the postabsorptive period, there is a nearly 
continuous decrease from the first to the last. For the thirteen 
animals killed during active protein digestion, the decrease is 
marked from November to March, after which the values ob- 
tained are quit^e uniform. Another significant, fact shown by 
Table I is that for rats killed in November there is a rather clear 
distinction between fed and unfed animals, the amino-acid concen- 
tration of the fed animals being unifonnly higher than that for 
the unfed. For rats killed from March to June the difference is 
not so clear. While the fed rats still appear to have a somewhat 
higher ajnino nitrogen value, the average difference is within 10 
mg. per 100 gm. of tissue. It may be noted here that the change 
from m-phosphoric acid to alcohol las a protein precipitant was 
made in January. Therefore, the high amino nitrogen values 
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obtained in November may have been due in part to this change 
in technique. It could not, however, account for the differences 
observed between the fed and fasted animals at tliat time. 

* TABLE I. 


Non^Protein Constituentu of the Rat Carcanses. Reaults Expressed in Mg. 
of Nitrogen per 100 Gm. of Rat. 



Fasted rats. 

Fed rats. 

Date killed. 

Xo. of rat. 

Body wt. 

Ammonia 

nitrogen. 

Urea nitro- 
gen. 

'S 

o§ 

an 

,< 

'a 

1- 

*0 

6 

•X3 

•Si 

c 

.Ammonia 

nitrogen. 

1 

'S 

bU 

-Amino ni- 
trogen. 

Time since 
last meal. 

1917 


gm. 

mg. 

mg. 

mg. 


gm. 

mg. 

mg. 

rng. 

krit. 

Nov. 9 

1 

120.0 

10 

— 

130 

2 

134.4 

n 


152 

5 

10 

3 

93.0 

19 

31 

95 

4 

02.2 

12 

01 

111 

.5 

« 23 

5 

Mi.r> 

12 

__ 

84 

6 

123.4 

10 

53 

102 

5 

im 












Jan. 15 

7 

239.0! 

12 

21 

102 

1 

j 

— 




Feb. 4* 

8 

211.5 

9 

J8 

40 1 







“ 2(i 

9 

188.5 

lot 

28t 

00 1 



.... 

— 

-- 

• — 

Mar. 14 

10 

105.9 

i !•'> 

23 

03t 

11 

108.2 

M 

30 

00 1 

5 

Apr. 11 


! — 

— 

-- 

•— 

12 

154.3 

i 12 

35 

54t 

3 

12 

13 

132.2 

13 

17 

52t 


.... 


-- 

— 


“ 10 



1 



14 

171.5 

10 

21 

53 1 

3 

May 3 

15 

143.0 

14 

32 

53t 

10 

135.7 

12t 

40t 

1 03 1 

3 

“ 9 




...„ 

~ 

17 

127.0 

lit 

25t 

1 53t 

1 

“ 10 

18 

172.0 

12t 

14t 

40t 

19 

154.0 

]3t 

241 

i 50t 

7 

June 10 

20 

138.0 


9 

44t 

21 

183,0 


43 

58t 

3 

“ 11 






22 

190.5 


35 

50t 

5 

“ 20 




__ 


23 

187.3 

10 

23 

03t 

3 

“ 20 


— 

— 


— 

24 

142.0 

12 

33 

59t 

7 


* This rai was foci 5 hours before killing and ate the ration voraciously. 
Immediately after consuming an unusual quantity, ho\vcv(u*, il was evi- 
dently in great discomfort, ex])eriencing difficulty in breathing. Tpon 
opening the animal it was seen that tlio stomach was distended to capacity 
with food, and that the csojdiagus, as far up as the pharynx, was also.dis- 
tended with food. No evidence of the jiassage of food into tlu' intestines 
was noted, so that for this rea.son as well as the low urea value subse- 
quently determined, the animal should probably be considenul as a fasting 
subject. Evidently the dyspnea due to the packed esophagus had in- 
hibited all the digtjstive activities, muscular and chemical. 

t These, results were obtained by analysis* of the carcass minus the liver, 
the muscle sample, generally 8 to 12 gm., and occasionally tlu^ kidneys. 
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The first possibility that presented itself as to the cause for the 
progressive changes observed in the amino nitrogen figures was 
that the age of the animal might be a determining factor in the 
amino-acid concentration of its tissues as well as the reaction to a 
protein meal. The rats used in the experiments reported above 
were obtained from a Massachusetts dealer and were a fairly uni- 
form lot as regards size and apparently age also, being less than 
half grown when received in October. It seemed possible, there- 
fore, that increasing maturity during the course of the investiga- 
tion may have been the cause of the progressive change in the 
amino nitrogen data. To test this possibility, five young rats of 
the same litter, weighing from 50 to 60 gm., were killed and the 
entire carcasses analyzed as usual for ammonia, urea, and amino 


TABLE II. 

N(m--FTotdn ConMiinenlH of a Litter of Yonuff Rats, Rcfniiltii Expressed in 
Mg. of Nitrogen per 100 Gm. of Rat, 


Sex. 

Weight, i 
unfed. 

Time since 
feeding. 

Ammonia 

nitrORpji . 

1 

Urea 

nitroKon. 

Amino 

nitroRen. 


am. 

hTH. 

mg. 

mg. 

mg. 

Female 

50.5 

24+ 

H) 

22 

80 

Male 

56.8 

24+ 

15 

1 24 

80 

Folualc 

50.8 

8 

20 

37 

85 

Male 

60.5 

3.5 

21 

41 

102 

Female 

51.7 : 
^ 

5.5 

— 

as 

108 


nitrogen. While the age of these animals had not been recorded, 
since at the time of their birth it w’as not the intention to use 
them in this work, they were a well nourished lot and probably 
of normal size for their age. The animals were killed on June 
27, two of them after fasting for 24 hours, two of them from 3 to 

3.5 hours after feeding the experimental ration, and one of them 

5.5 hours after feeding. The results are given in Table II. 
These figures reveal higher values in the young fasting animal 

for ammonia an(| amino nitrogen than in more mature fasting 
animals. In particular there is a distinct increase in all three 
forms of nitrogen for the fed as compared with the fasting ani- 
mals. The value of 85 mg. of amino nitrogen for the rat killed 3 
hours after feeding is possibly too low, since in the concentration 
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in vacuo of the solution for this determination, evaporation acci- 
dentally proceeded to dryness and the temperature of the bath 
rose to over 90°C. As Van Slyke*^ has shown, such an accident 
may lead to a loss of amino nitrogen. We may conclude there- 
fore, that for these young rats the ingestion of a protein meal 
increases distinctly the concentration of amino-acids and of their 
nitrogenous metabolites in the tissues. 

To confirm this point, further, another litter of four rats, some- 
what older than the preceding, was killed on July 18 and ana- 
lyzed. Two of the rats had fasted 24 hours or more, while the 
other two had been given the; experimental ration about 5 hours 
before. The results an^ shown in Table III. 

TAHLK III. 


Non-Prutiin CiniMilvctUii of n Second Litter of Young lintH. Rcii‘ulfi< Ex- 
pressed in Mg. of Nitrogen per WO (iin. of Rat. 


Sex. 

Weight. 

unfed. 

Ti me eince 
foeding. 

Ajmnonia 

nitrogen. 

1 Crea 

j nitrogen. 

Amino 

uitrogun. 


gni. 

hnt. 

mg. 

mg. 

mg. 

Mulo 

<)5.0 

21+ 

m 

28 

01 

Female 

8».() ; 

24+ 

17 

19 

01 

Male 

7().2 

5 

29 

27 

70 

it 

' 74.0 

5.5 


40 

79 


These values reveal essentially the same conditions as those 
obtained with th(^ other litter of young; while the amino nitrogen 
figures are lower than those given by the others, due probably 
to the more advanced development of thes(^ animals, there is 
still an appreciable increase in amino nitrogen due to feeding. 
The high urea value for the first rat is possibly correlated with the 
fact that the stomach still contained appreciable amounts of food 
residue, while the cecum w^as well filled. With all other fasted 
animals, the stomach w'as practically empty. The absence of a 
high amino nitrogen value also in this rat, may be due to the fact 
that the animal w’as apparently killed in the last stages of diges- 
tion, when the amino-acid catabolism in the muscles had been in 
active operation for several hours, had disposed of the excess of 
amino-acids accumulated in the first stages of digestion, and w^as 
deaminizing amino-acids at a rate equal to the absorption from the 
blood. 
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When the above analyses were completed, there was one more litter of 
young left for use in. this experiment. It was, however, with some hesita- 
tion that these rats were taken, since they were very poorly nourished, 
had rough coats, and one was afflicted with badly infected eyes. They 
weighed from 17.7 to 24.2 gm., though they were considerably older than 
their weight would lead one to expect. In fact, at their age of 38 days 
these rats should have weighed from .50 to 55 gm. Their poor nutritive 
condition was due probably to two circumstances: first, the mother had 
been killed for experiimuital purposes before the young were properly 
weaned, and, second, the weather for some time had been extremely hot, 
and tlie temperature of the rat quarters had very often been over 102” F. 
However, with the idea of utilizing all available sources of information, 
the entire litter was killed for analysis on July 29. The entire litter had 
been fasted for 24 hours, at which time three were fed the experimental ra- 
tion and subsequently killed at the end of 1.5, 3, and 3.5 hours. The 


TABLE IV. 

N on^-Protein Constituent a of a Third Litter of Young Rais. Resrilis Ex-- 
pressed in Mg. of Nitrogen per 100 Gm,. of Rat. 


Weight, unfed. 

Time since 
feeding. 

Ammonia 

nitrogen. 

Urea nitrogen . 

Amino nitrogen. 

am. 

hrs. 

mg. 

mg. 

mg. 

21.0 

24+ 

13 

26 

71 

18.8* 

24+ 

20 

67 

91 

23.8 

1.5 

16 

28 

68 

24.2 

3 

14 

22 

51 

17. 7t 

3.5 

26 

52 

70 


* D(iad an hour or more before extraction, 
t Hoth eyes badly infected. 


two remaining rats were killed last, without being fed; one W'as in an ex- 
tremely weak cfxulition, and the second died an hour or so before the 
extraction with boiling water could be started. The analytical results 
secured are given in Table IV. 

^’Iies(* results are not at all in agreement with the others reported above, 
since JK» definite elTect of the protein feeding is evident, even in the case of 
urea, ^ilie high urea and amino nitrogen values for the rat that had been 
dead for some time before analysis was staxted, indicate that postmortem 
changes had already set in. In accounting for the lack of agreement be- 
twetui th(‘se result and t hose secured on normal rats, it is possible that the 
poor nut ritive condition of these animals had impaired their digestive and 
absorptive powers. Certainly their appetites were not normal, since they 
displayed no eagerness when food was offered to them and ate sparingly 
of it, quite contrary to our experience with the other rats. The data are 
pnisented simply to complete the record of all evidence collected on Ithe, 
points at issue. 
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The analytical results obtained on the livers, muscle tissue, and 
kidneys from the adult rats, related only to ammonia and urea 
nitrogen. It was unfortunate that the amino nitrogen was not 
also determined, but with the methods used, the samples were 
insufficient for this purpose. The results are shown in Table V. 

TABLE V. 


N on-Proiciii ConHtUveriiH of Hat Tifisuea. ’ Hcaults Expressed in Mg. of 
Nitrogen per 100 Cm. of 7' issue. 


09 

0 

6 

A 

Digestive condition. 

Weights of tissues. 

Urea nitrogen 
per 100 gin, of 

Ammonia 
nitrogen per 100 
gm . of 

Liver. 

Muscle 

sample. 

Kidneys. 

Liver. 

Muscle. 

Kidney. 

• Liver. 

Muscle. 

Kidney. 



Om. gm. 

gm. 

mg. mg. 

mg. 

mg. nig. mg. 

5 

Fasting. 

0.1 



__ 

10 — — 

7 

“ 

8.5 — 

— 

35 — 

.... 

10 - - 

8 


8.404 11.920 

— 

49 11 

— 

14 9 — 

9 

a 

7.418 11. .324 

— 

21 — 

— 

...... — _ 

10 

« 

0.103 8.031 

— 

22 13 


41 27 — 

13 

<< 

4.382 0.990 

1.139 

4 13 

30 

29 11 05 

15 


0.950 9.317 

1.323 

17 13 

_ 

.... — 

18 


9.010 9.418 

1.701 

10 — 



20 

a 

5.888 8.300 

— 

19 11 


22 15 — 

17 

1 hr, after meal. 

5-979 7.531 

1.007 

__ .... 

— 


12 

3 hrs. “ 

0.232 7.735 

1.338 

22 25 

44 

33 22 80 

14 

3 << a K 

8.420 10.014 

1.501 

22 10 

no 

10 10 132 

10 

3 u u u 

7.723 7.747 

1.350 

„ __ 

_ 

__ „„ 

21 

3 ** “ 

7.337 20 794 

__ 

25 18 

.... 

21 9 — 

23 

3 “ “ 

1 8.58710.545 


29 23 

. — ■ 

22 10 — 

0 

5 “ “ 

! 5.4 — 

— 


__ 

11 - 

n 

r ii << 

I 

7.301 10.410 

— 

34 24 


23 25 — 

22 

5 “ 

7.493 11.088 

.™. 

20 20 

.. 

10 17 - 

19 

7 “ “ 

5.012 8.911 

1.208 

— 


— .... 

24 


G.207 8.597 

— 

21 IS 


25 19 ■ - 


The urea content of the liver is generally greater than that of 
muscle tissue, a fact confirming the general opinlbn that the liver 
is more active in urea formation than is muscle. The liver ex- 
ceeds the muscles also in its concentration of ammonia, in most 
cases. Erratic figures for the kidney may be expected from the 
smallness of the sample and its variable content of urine. 
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DISCUSSION. 

The non-protein constituents of rat tissue are quite comparable 
in concentration with those of dog tissue, for example, a confirma- 
tion of the tacitly accepted opinion that mammalian metabolism 
is much the same, regardless of the particular species of animal 
under consideration. However, a fact discovered in this inves- 
tigation and not noted in other work, so far as the author is 
aware, is that the ammonia and amino-acid concentration of 
young animals is greater than that of adult animals. Whether 
this relation represents simply a different anatomical make-up of 
the young animal, such as a greater proportion of visc^era and a 
smaller proportion of muscle, than of the adult, or whether, in 
addition, it is (concerned possibly in the more intense metabolism 
of the young, it is perhaps premature to say. The differeiute seems 
to be greater, however, than can be accounted for on anatomical 
grounds alone. Possibly the more rapid and general synthesis of 
protein in the tissues of the young animal may reciuirt? at all 
times a greater concentration of amino-acids and ammonia upon 
which to draw, whic^h may be assured by a greater avidity of the 
tissues for these substances and a less intense catabolism of them 
than in the adult. 

Perliaps the most important and interesting result of the in- 
vestigation is the evidence secured as to the effect of protein 
feeding on the amino-acid concentration of the tissues. Here 
again, the age of the animal seems to be a determining factor. 
In the vigorously growing animal, during protein digestion there 
is a distinct increment in the amino-acid content of the tissues, 
while as the rate of growth decreases this increment becomes 
smaller, until in the adult it is only of moderate or perhaps even 
insignificant dimensions. Apparently there is a relation between 
the arnino-acid requirements of the tissues and their accessibility 
to the end-products of protein digestion. In explaining such a 
relation several possibilities suggest themselves: (1) The digestive 
and aibsorptive powers of the young organism are moi'e vigorous 
than of the old, so that of a given protein ration, more is digested 
and absorbed in a given time, producing a higher amino-acidemia 
and, by this factor alone, a greater increase in the amino-acid 
concentration of the tissues. (2) The deaminizing function of the 
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tissues, especially of the liver, in the young animal is less intense 
than in the old, permitting a greater influx of amino-acids through 
the portal circulation and a more delayed catabolism in the 
tissues. (3) The tissues of the young animal possess a greater 
absorptive power for amino-acids than those of the adult, so 
that the equilibrium in amino-acid concentration between tissue 
and blood is considerably more than 10:1. 

However the relation lx3tween amino-acid concentration of the 
tissues and the age of the animal may be explained, the fact 
remains that in the adiilt animal only an inconsiderable increase 
in amino-acid concentration during protein digestion has been 
demonstrated. It is quite possible that the large percentage of 
fat in the experimental ration impeded the emptying of the 
stomach to such an extent that the absorption of amino-acids 
was relatively slow, and that no considerable accumulation of 
amino-acids occurred in the blood, and consequentl 3 ^ none in the 
tissues. However that may be, the results obtained confirm the 
viewpoint of Van Hlyke for the grown animal. Whether the liver 
is the prime factor in the regulation of the amino-acid con(*,en- 
tration of the tissues seems questionable, since amino-acids un- 
doubtedly accumulate in the systemic blood during normal pro- 
tein digtistion, even wlicn no considerable accumulation can be 
demonstrated in the tissues. The more plausible explanation 
seems to be that the tissues catabolize the amino-acids about 
as rapidlj^ as they are absorbed from the blood.’ 

Some consideration of the significance of these facts on the 
problem of the cell stimulants concerned in the specific dynamic 
effects of amino-acids may not be out of place. The failure to 
demonstrate a considerable increase in the amino-acid conccn- 

^ This interpretation, of course, seems inconsistent with th(‘ experi- 
mental results of Van Slyke and Mo.yer, indicating that when amino-acids 
are inj<*ctod into the circulation, thej’ accumulate to some extent in tlio 
muscles and are retained there for several hours unchanged. However, the 
constant higlx amino nitrogen figures observed in muscle for 8 or 4 liours 
after auiino-acid iiijectiou may not indicate necessarily a total absence of 
catabolic activity. They might also be interpreted as meaning a slow 
catabolism in the muscles, compensated for by a replenishing of the store of 
amino-acids there from the liver and possibly other tissues. While tke 
data obtained offer no particular support for such an interpretation, as 
Van Slyke and Meyer state, they are nevertheless consistent with it. 
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tration of the tissues of adult animals during protein digestion 
at a time when the specific dynamic effect of protein is being ex- 
erted does not necessarily rule out the unchanged amino-acids 
as the actual stimulants. It is quite conceivable that the quali- 
tative make-up of the amino-acid fraction of a tissue bears some 
relation to its rate of heat production, quite aside from any 
change in the size of this fraction. In the postabsorptive period 
it seems reasonable to suppose that the proteins of the tissue and 
the free amino-acids and peptides held in it have reached, or 
approximated to some sort of an equilibrium, whi(^h is suddenly 
disturbed at times when there is an influx of amino-acids from 
the intestines, constituting a mixture quite different from that 
normal to the tissue. This disturbance in tissue equilibrium may 
possibly initiate chemical changes leading to an increased tissue 
metabolism until a readjustment is made as the resultant of 
catabolic and anabolic transformations, and after several hours 
an equilibrium is again established. The fact, as Lusk has 
shown, that the different, amino-acids occurring in proteins have 
very different specific dynamic effects, perhaps lends some sup- 
port to such theoretical considerations. 

The revised conclusion of Lusk that the a-hydroxyl- and 
a-keto-acids arising in the metabolism of the amino-acids are the 
cell stimulants rather tlutn the unchanged amino-acids them- 
selves, does not remove all difficulties. In the first place there 
can be no assumption that these bodies accumulate in the tissues ; 
in the absence of all direct evidence even that they exist in the 
tissues in any amount than traces. Nor is it plausible that they 
are formed only during protein digestion. The ocjcurrence of the 
constant fraction of amino-acids in the tissues, even during pro- 
longed fasting, probably indicat/cs, as Van Slyke concludes, a 
continual building up and breaking down of protein material, 
with, therefore, a continual liberation of the a-hydroxyl- and 
a-keto-acids arising from the oxidative deamination of amino- 
acids. As far, therefore, as the quantitative occurrence in the 
tissues of unchanged amino-acids is concerned, on the one hand, 
and of the products of their deamination, on the* other, there is 
little to choose in deciding which substances are responsible for 
the specific dynamic effect of protein. Against deciding in 
favor of the deaminized acids, it may be argued that the trend of 
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recent investigation has been to bring out the intimate relation- 
ship between the intermediary products of the metabolism of the 
simpler amino-acids and of glucose. For example, the large 
specific dynamic effect of alanine cannot with certainty be as- 
cribed to the lactic acid supposed to arise from it in metabolism, 
since it is, perhaps, quite as probable that lactic acid is produced 
also in the normal metabolism of glucose, a substance possessing 
only a slight specific dynamic effect. Furthermore, hydroxyl- 
and keto-acids arc produced in the metabolism of the fatty acids, 
and, while they are structurally different from those" arising in the 
metabolism of amino-acids, it would be surprising if, in the one 
case, a larg(‘ heat effect were produced in the tissues, while, in the 
oth(‘r case, practi(;ally none at all results. 

Against deciding upon the unchanged arnino-acids as the stimu- 
lants to increased cellular metabolism, it has been argued by Ivusk 
that llubner, and later Iloobler, have shown that amino-acids, ab- 
sorbed by the tissues and used in the formation of new tissue, 
hav(‘ no sp(‘cific dynamic* effect. However, the work of Howland,^ 
in Lusk’s laboratory, on the effect of casein on the? h(?at production 
of a sleeping infant, may be interpreted as indicating a specific 
dynanhc effe(;t of the protein fraction retained for growth. In 
any case, the point at issue is of such importance and general 
interest as to require careful confirmation with the best and latest 
available methods. The peculiar sensitiveness of the infant to 
protein stimulation as compared with the adult, notictui by How- 
land, may perhaps be related to the fact (‘stablished in this in- 
vestigation that protein feeding in the young organism, as con- 
trasted with the old, leads to a marked increase in the ainino-acid 
concentration of the tissues. 

CX>NCLUSIONS. 

1. The concentration of arnino-acids, ammonia, and urea in 
the tissues of rats is comparable to that of the tissues of other 
mammals thus far investigated. 

2. In the young growing rat the concentration of amino-acid 
and of ammonia in the tissues is considerably higher than in the 
older animal. 

•Howland, J., Z, phynol, Chem,, 1011, Ixxiv, 1. 
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3. In adult rats, protein feeding has only an inconsiderable 
effect upon the amino-acid concentration of the tissues, while 
increasing distinctly the urea content. 

4. In young growing rats, on the contrary, protein feeding in- 
creases considerably the ainino-acid and urea content of the 
tissues, and, less Certainly, the ammonia content. 

5. The ammonia and urea content of the livers of rats, both 
fasting and fed, is in general higher than that of the muscles. 

This investigation was undertaken in cooperation with Mr. H* 
A. Shonle, who, however, withdrew from the University soon 
after the w’ork was started. Acknowledgment is due to Mr. 
Shonle for valuable aid in deciding upon methods of procedure, 
in testing and revising such methods, and in perfonning some 
of the analytical work. The assistance of Mr. R. W. Dawley 
in the remainder of the analytical work is also ai)prcciated. I 
also wish to acknowledge the interest and encouragement of Dr. 
H. S. Grindley, in whose laboratory the work was done. 
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(Receivcid for puliHcaiion, Octolier 12, 191S.) 

The statement is commonly made that the phosphorus in the 
diet of carnivora is eliminated principally by the kidneys, while, 
in herbivora, phosphorus excretion takes place almost entirely 
through the intestine. Bischoff,^ Muller, ^ Paton, Dunlop, and 
Aitchison,^ Bergmann,^ and others have shown that a large per- 
centage of the phosphorus of the food intake is excreted by dogs 
in the urine. The urine of herbivora has, on the other hand, 
been stated by Bertram,*’ Jordan,*^ TangV Emciy and Kilgore,*^ 
Paton, Dunlop, and Aitchison,® and Bergmann,^ to be practically 
free from phosphorus. The types of herbivora used in these 
studies were the ox, sheep, goat, and horse. The absence of phos- 
phorus from the urine of herbivora is generally attributed to the 
high content of alkali compounds and calcium salts in the food, 
ail alkaline urine containing carbonates having no solvent power 
for calcium phosphate. Weiske® found that, while on a vege- 
table diet only a trace of phosphorus was present in the urine of 
the goat, when fed on a diet of milk, this animal excreted over 20 

1 Hisrhoff, E., Z. Bioh, 1867, iii, 309. 

■2 Miillcr, F., Z. Biol., 188^, xx, 327. 

“ Paton, D. N., Dunlop, J, C., and Aitchison, U. S., ./. FhjisioL, 1899- 
1900, XXV, 212. 

* Bcrgmarm. W., Arch. exp. Path. n. PharmnkoL, 1901, xlvii, 77. 

® Bertram, J., Z. Biol., 1878, xiv, 335. 

® Jordan, W. H., Atm. Hep. Maine Apric. Exp. Station, 1885-86. 42. 

’ Tarigl, F., cited in Jahresh. Fartsrh. Thiervhem., 1902, xxxi, 797. 

» Emery, F. E., and Kilgore. B. W., North Caroliha .\pric. Exp. Station, 
Bidl. 118, 1895, 245. 

® Weiske-Proskau, II., Z. Biol., 1872. viii, 24G. 
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per cent of the food phosphorus in the urine. Paton, Dunlop, 
and Aitchison® reported that in dogs on a vegetable diet a large 
proportion of the phosphorus of the food was not excreted in the 
urine. Gouin and Andouard^® showed that a calf receiving a 
diet of milk alone excreted 80 per cent of the food phosphorus in 
the urine and that phosphorus was deflected from the urine to 
the feces in proportion to the extent to which vegetable foods 
were substituted for milk in the diet. 

The attention of the authors was attracted to the influence of 
diet on the urinaiy phosphorus excretion of rabbits during recent 
studies on alterations in the output of certain urinary constitu- 
ents as determined by changes in the character of the diet.^^ 
It was noted that the proportion of the food phosphorus excreted 
in the urine varied widely according to the nature of the diet. 
Upon a diet of corn and oats the urinary output of phosphorus 
was far in excess of the intake of this element in the food. This 
excessive output of phosphoric acid in the urine when the ani- 
mal was placed on a diet which contained a preponderance of 
acid-fprming elements was regarded as a method of regulating 
acid-base equilibrium in the body of the rab!)it. This is in 
accord with the work of hltz, Alsberg, and Henderson, who 
demonstrated by feedinj? hydrochloric acid to rabbits that the 
resultant shifting of the salt equilil)rium toward the acid side 
caused an increased elimination of phosphates in the urine. The 
same effects were observed by the present authors in the studies 
cited above’' after giving hydrochloric acid by stomach tube to 
rabbits. 

As a result of these observations the series of experiments to 
be outlined in this paper was undertaken. The objects were to 
study further the relative proportions of phosphorus t)f the food 
intake excreted in the urine when the diet varied from acid-pro- 
ducing food, such as grain, to base-producing food, like carrots; 
to note the effect of subcutaneous injections of phosphates on 
the urinary phosphorus of the rabbit; and to observe the influence 

Gouin, A., and Aridouard,^P., Soc. almient. rationn. bMail, Compt. 
rend., 1907, 11th cong., 11-28, 127-130. 

Underhill, F. P., and Bogert, L. .1., J. Biol. Chem.^ 1016, xxvii, 161. 

Fitz, R., Ahberg, C. L., and Henderson. L. Physiol., 1907, 

xviii. 113. 
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of diets consisting of acid-producing or base-producing foods and 
of injections of mono-, di-, and tribasic phosphates upon the 
relative proportion of injected phosphorus excreted in the urine. 

Methods, 

Rabbits were confined in metabolism cages and the urine was 
collected in 24 hour periods by expressing it from the bladder 
by pressure through the abdominal wall. Each animal received 
either 100 gin. of oats, 500 gm. of carrots, or 50 gm. of oats and 
250 gm. of carrots per day. The amounts actually eaten were 
recorded in the proto(5ols. The phosphates in the urine were 
deterinincd by titration with uranium acetate, while hydrogen ion 
concentration was (estimated by the Henderson-Palmer method. 
vSubcutaneous inj(^ctions of solutions of the different sodium 
salts of phosi)horic aci<l were given in turn at intervals of a few 
days and repeated with altered dietary conditions. I'hc solu- 
tions of sodium pliosphates were made up and standardized so 
that the 30 cc. of injected fluid contained, in each case, 150 mg. 
of phosphorus. There were no noticc'ablc evil effects of the 
injections except local irritation caused by the injection of solii- 
tions of tribasic sodium phosphate. As there seemed to be a di- 
minished urinaiy (?xcretion of the injected phosphjit-es after sev- 
eral injections had l)e(m given, a further scries of experiments 
was carried out in which the rabbits received successive^ injec- 
tions of the same phosphate solution (Na^HPOd while the diet 
remained constant. For the sake of brevity, specimen protocols 
only are given from each series of experiments. 



Rabbit 7, Male (Black); Wei0ht g,liO Gm. (Oct. tS). 


Date. 

i . 

si 

•c » 

Specific 

gravity. 

» 

o. 

Phos- 
phor u«. 

Notes . ^ 

ms 

cc. 



mg. 


Oct. 

23 

77 

1.024 

8.0 

50 

50 ^rni. oats, 228 jjjiii. carrots. 

<< 

24 

172 

1.013 

7.48 

79 

50 “ 250 

it 

25 

76 

1.038 

9.27 

48 

50 « 2^50 “ 

tc 

26 

96 

1.028 

8.7 

167 

50 ‘‘ 237 “ “ 

IiijtMJtod (subcutaneous) 150 nig. 0.68 gm. . 
NasHPO^ in 30 cc. lIjO. 

Oct. 

27 

96 

1.038 

9.27 

69 

50 gm. oats, 250 gm. carrots. 

' tt 

28 

120 

1.028 

8.7 

87 

50 “ “ 2.50 

ti 

29 

130 

1.014 

8.7 

63 

50 2,50 

ft 

30 

208 

1.017 

8.7 

145 

50 2.50 ‘‘ 

ti 

31 

150 

1.016 

7.48 

198 

50 250 “ 

Injected 150 mg. P = 0.79 gm. NasP 04 in 
30 cc. HaO. 

Nov. 

1 

UK) 

1.016 

8.7 

125 

50 gm. oats, 250 gin. carrots. 

it 

2 

114 

1.017 

8.7 

1(K) 

50 “ “ 250 “ 

tt 

3 

180 

1.021 

8.7 

51 

50 “ 250 “ 

it 

4 

164 

1.015 

8.0 

46 

‘ 50 ‘‘ 250 

tt 

5 

163 

1.017 

8.0 

86 

50 « 2.50 “ 

it 

6 

152 

1.017 

6.9 

150 

V 

50 ‘‘ 250 ‘‘ “ " 

Injectt^d 150 mg. P — 0.5S gm. NaHaP ()4 
in 30.7 cc. IhO. 

Nov. 

7 

152 

1.016 

7.48 

87 

50 gm. oats, 250 gm. carrots. 

a 

8 

166 

1.017 

8.7. 

87 ! 

50 “ “ 2.50 ‘‘ 

tt 

9 

305 

l.Oll 

S.O 

65 

,500 “ “ 

tt 

10 

380 

1 .012 

8.7 

138 

Wt. 2,100 gm.5(X) '' 

tt 

11 

335 

1.010 

S.O 

97 

500 “ 

tt 

12 

427 

1.013 

8.7 

114 

5(K) 

tt 

13 

385 

1.011 

8.7 

107 

500 » 

it 

14 

280 

1.015 

7.48 

117 

5(X) “ 

Injected 150 mg. P = 0.68 gm. Na 2 llP 04 
in .30 cc. H 2 O. 

Nov. 

15 

460 

t.Oll 

8.0 

97 

.500 gm. carrots. 

tt 

16 

340 

1.011 

8.0 

66 

500 

it 

17 

355 

1.011 

8.7 

79 

500 “ 

tt 

18 

420 

1.011 

8.7 

81 

,500 “ 

tt 

19 

320 

1.010 

8.7 

101 

.500 “ “ 

tt 

20 

360 

1.013 

7.48 

135 

500 “ “ 

Injected 150 mg. P ~ 0.58 gm. NaHaP 04 
in 30.7 cc. H 2 O. 
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Rabbit 7 — Concluded, 


Date. 

*3 

It 

;£:sj 

ij 

Specific 

gravity. 

W 

o, 

Phos- 

phorus. 

Notes. 

mo 

cc. 



mg. 


Nov. 21 

430 

1.011 

8.7 

73 

500 gm. carrots. 

22 

290 

1.010 

8.7 


500 “ 

23 

383 

1.014 

8.7 

127 

500 “ 

Injected 150 mg. P 0.79 gin. NasP 04 in 
30 cc. HoO. 

Nov. 24 

3,50 

1.010 

8.7 

00 

500 gm. carrots. 

“ 25 

440 

1.014 

8.7 

01 

500 “ 

'' 20 

318 

1.017 

8.7 

01 

500 

“ 27 

5<S 

1.034 

8.7 

72 

Wi. 2,0f)0 gm. 100 gm. oats. 

28 

31 

1.044 

0.9 

70 

100 gm. oats. 

20 

21 

1 OIM) 

0.0 

72 

100 “ 

« 30 

30 

1 .052 

5. 7 

104 

75 “ “ 

Dec. 1 

37 

1,041 

5.3 

149 

32 

Injected 150 mg. P — 0.G8 gm. Na 2 nP 04 
in 30 cc. HjO. 

Dec. 2 

29 

1.052 

5.7 

: 108 

48 gm. oats. 

» 3 

33 

1.040 

5.3 

107 

57 “ 

« 4 

31 

1.042 

5 . 3 

90 

75 “ ** 

5 

71 

i 

1 

1.017 

5.3 

107 , 

Wt. 2,140 gm. 22 gm. oats. 

Injected 150 mg. P ~ 0..58 gm. NaIl 2 P 04 
in 30.7 cc. 1120. 

Dec. 0 

30 

1 .030 

5.3 

85 ' 

31 gm. oats. 

7 

40 

1.033i 

5.3 

95 

10 

» 8 

110 

1.017 

5.3 

182 

Hefused food. Injected 150 mg. P == 0.79 
gm. Na.-jP ()4 in 30 cc. U 2 O. 

Dec. 9 

40 

1.030 

5.3 

90 

Refused food. 

**’ U) 

“ 11 

87 

1 .025 

1 

5.3 

150 

“ “ Albuminuria. 

Returned to pen, condition fair. Fed car- 
rots, condition good. 
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Rabbit li, Female {Browns Pregnant); Weight Gm. {Dec. 11). 


Date. 

Urine vol- 
ume. 

specific 

gravity. 

J W 

p. 

Phoe- 

phorus. 

Notes. 

, me 

Dec. 11 

ec. 



1 mg. 

415 gm. carrots. 

12 

255 

1.013 

8.0 

50 

352 

13 

158 

1.018 

8.0 

77 

345 “ 

« 14 

305 

1.015 

8.0 

75 

500 ‘‘ 

“ 15 

no 

1.025 

7.48 

184 

230 “ 

Injected 150 mg. P = 0.0$ gm. NajHPO^ in 
30 cc. IhO. 

Dec. 10 

81 

1.035 

8,7 

85 

324 gm. carrots. 

«« 17 

234 

1.015 

8.7 

54 

403 

18 

90 

1.031 

7.48 

173 

228 “ ** 

Injected 150 mg. P - 0.08 gm. Na 2 HP 04 . 

Dec. 19 

100 

l.OSOj 

9.27| 

02 

390 gra. carrots.’ 

“ 20 

190 

1.028 

9.27 

ool 

302 “ 

“ 21 

150 

1.023: 

9.27 

101 

370 “ 

Injected 150 mg. P « 0.08 gm. Nn 2 HPO.i. 

Dec. 22 

174 

1.021 

9.27 

00 

445 gm. carrots. 

“ 23 

234 

1 020 

9.27 

80, 

457 

“ 24 

222 

1.019 

9.27 

140 

474 “ 

Injected 150 mg. P = 0.68 gm. NnaHPO^. 

Dec. 25 
“ 26 

207 

1.023 

9.27 

87; 

495 gm. carrots. 

Returned to pen, condition good. Wt., 2,880 
gm. 


DISCUSSION. 

Upon inspection of the protocols and tables, several facts of 
interest are to be noted. First, there is a greater excretion of 
phosphorus by the urine in the case of the rabbit than in other 
herbivora previously studied and secondly, tliis urinary phos- 
phorus may be made to vary largely by changes in the diet. 
Thus rabbits, even on a diet composed exclusively of carrots, 
where a strongly alkaline urine is secreted, eliminate about 25 
per cent of the food phosphorus by way of the kidneys, while on a 
diet of oats more than 100 pef cent of the food phosphorus is 



F. P, Underhill and L. J. Bogert 


527 


excreted in the urine. When a mixed diet of oats and carrots is 
fed, the urine contains about 50 per cent of the phosphorus in- 
gested in the food. The urine of the animals consuming both the* 
carrot and mixed diets is alkaline, but that of the rabbits fed on 
the grain dicit is acid. Moreover, the calcium content of the 
food is highest in the carrot diet and lowest in the grain diet. 
Doubtless both the reaction of the urine and the calcium content 
of the diet are factors in effecting alterations in urinary phos- 
phate excretion by changes in the character of the diet. Dif- 
ference in utilization of th(i various diets is another possible 
factor to be taken into consideration. A summary of these re- 
sults is found in Table I. 


TABLE I. 


Effect of Allrrot ions iv the Character of the Diet upon the Urinary Exfrellon 
of the.1 nge.stcd Phosphorus. 


Buhhit 

No. 

1’ iut.ako per day. 

.\vcrage urinary r 

‘ per day. 

1* excreted in 
jwr day. 

urine 

Mixed 
<Iiot . 

Carrot 

Grain 

dH*t. 

Mixed 

diet. 

Carrot 

diet. 

e.rrun 

diet. 

Mixed 

diet 

(Carrot 

diet. 

(irain 

diet. 

i 

rnff. 

ms . 

tug. 

mg. 

mg. 

mg. 

p(t cent 

per cent 

pfT cerU 

4 

]{i5 

210 

00 

87 

50 

112 

52 

24 

124 

5 

]05 

240 

00 

50 

62 

89 

30 

26 

00 

0 

UV) 

240 

00 

101 

65 

no 

61 

27 

122 

7 

165 

240 

00 

80 

68 

108 

53 

2(i 

I 120 

A 1 

82 

62 

105 

40 

2(i 

IIG 




i 



In respect U) the fate of injected phosphates, there has been a 
fairly general agreement that such phosphates were (excreted by 
carnivora chiefly in the urine and by herbivora almost entirely in 
the feces. Falck^^ found that sodium phosphate injected intra- 
venously into dogs was quickly eliminated by the kidneys. The 
same result was obtained by Bergmann^ after injecting dogs sub- 
cutaneously with sodium phosphate. He reported, however, that 
the urinary phosphorus of a wether remained unweighable after 
similar injections of phosphate, Paton, Dunlop, and Aitchison® 
state that, in the goat, none of the phosphoric acid subcutaneously 
injected as sodium phosphate is excreted in the urine while, in 

Falck, C. P., Virchows Arch. path. Anal., 1872, liv, 178. ^ 
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the dog as well, a large proportion of such injected phosphate is 
not excreted in the urine. Mendel and Underhill'^ injected both 
^sodium phytate and disodium acid phosphate subcutaneously 
during a scries of balance experiments on a dog with the result 
that the excess of phosphorus was eliminated almost entirely 
through the kidneys rather than in the feces. After similar in- 
jections in a goat, they found no increase in the phosphates of 
the urine. 

The present series of experiraepts shows that the rabbit, in 
contrast to such otlier hcrbivora as the goat, excretes an excess 
of phosphates to a large extent through the kidneys. While there 
were considerable variations in the percentage of injected phos- 
phates which appeared in the urine, injections of any one of th6 

TABLE ir. 


Effect of Successive J njectioiis of Phosphate on the Urinarf/ KxircUon of 
1 njected Ph os ph or us . 


liabbit No. 

Diet. 

SuV)8tanco 

injected. 

Injected P excreted in urino. 

Injection No. 



1 

2 

3 

4 

12 

Carrot. 

NaJIFO., 

per cent 

73 

per cent 

78 

per rent 

03 

per cent 

40 

14 


NiaaMPO^ 

.-Ui 

47 

30 i 

0 

18 

Mixed. 

NfudIPO. 

80 

SO 

80 

01 


three phosphates of sodium invariably caused a distinct rise in 
urinary phosphates, a rise frequently equivalent to as much as 
70 to 100 per cent of the injected phosphorus. 8o far as we were 
able to observe, the nature of the phosphate injected or of the 
diet (jonsumed had no constant effect on the amount of injected 
phosphorus excreted in the urine. Such observations were com- 
plicated by variations in phosphate elimination in individual 
rabbits and by the effect of successive injections of phosphates. 
These successive phosphate injections seem either to lessen the 
ability of the animal to excrete the injected phosphorus through 
the kidney, to develop an increased excretion of phosphate by the 
intestine, or to lead to phosphoiiis storage in the organism. The 
fact that, after successive subcutaneous injections of sodium 

’^JMcndcl, L. B., and Underhill, F. Physiol., 1900-07, xvii, 75. 
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phosphates, less of the injected phosphorus iS excreted in the 
urine than after the first injection is shown by the experiments 
on Rabbits 12, 14, and 18, suinniarized in Table II. Table III 
shows the percentage of injected phosphorus excreted through 
the kidneys by various rabbits after initial injections of phos- 
phate, the nature of the diet and of the phosphate injected being 
altered in different cases. 

The effect of subcutaneous injections of phosphates on the 
hydrogen ion concentration of the urine was not pronounced. 

TABLE III. 


Unnary Excxvtion of hijvctcd Pho^^phorufi after hiiiial 1 iijcrtiona of Phos^ 
phates with I'arymq Dietary Conditions. 


Kabbit No. 

Diet. 

Substance injected. 

Injected P exeretod 
in urine. 

4 

Mixed. 

XasHPO, 

ptr tu^nt 

9(5 

r> 


NasHPO^ 

29 

6 


, .\a 2 HPO 4 

SO 

7 


Na2lIP()4 

79 

l(i 

ti 

Na2HP04 

105 

18 


NaallPO, 

89 

10 

a 

NasHPOi 

55 Average 7(5 

12 

Carrot. 

NusHPO^ 

78 

13 


Na2HP04 

75 

14 

(< 

NasHPO, 

85 Average 01 

s 

Grain. 

Na2irP()4 

1 SO 

9 


i Na2HP04 

50 

10 


1 Na3P()4 

(57 

11 


NalbPO^ 

73 Average 97 


The increased content of the urine in phosphates following such 
injections was usually accompanied by a slight rise in hydrogen 
ion concentration but, as might be expected in such a mixture of 
buffer substances, relatively enormous increases of phosphate 
were observed with but slight alteration in the reaction of the 
urine. 


SUMMARY. 

Rabbits, in contrast to most other herbivora, excrete a consider- 
able amount of phosphates through the kidneys. 
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The proportion" of food phosphorus eliminated in the urine by 
rabbits may be caused to vary widely by changes in the nature 
of the diet, being about 25 per cent on a carrot diet, 50 per cent 
on a mixed diet of carrots and oats, and over 100 per cent on a 
diet composed exclusively of oats. 

Solutions of mono-, di-, and trisodium phosphates injected 
subcutaneously each caused a considerable increase in urinary 
phosphates, 70 to 100 per cent of the injected phosphorus having 
frequently appeared in the urine. 

After successive subcutaneous injections of phosphate, less of 
the injected phosphorus is excreted in the urine than after the 
initial injection. 

The character of the diet and the nature of the phosphate in- 
jected had no apparent influence on the percentage of injected 
phosphorus excreted by the kidneys. It is impossible, however, 
to draw general conclusions with regard to these factors on the 
basis of these experiments, due to variations in urinary phosphorus 
excretion in individual rabbits and to the effect of repeated in- 
jections of phosphate solutions on the urinary elimination of phos- 
phates subsequently injected. 

Large increases in the phosphate content of the urine w^ere 
noted, accompanied by only slight increases in hydrogen ion 
concentration. 



STUDIES IN THE METABOLIC CHANGES INDUCED BY 
THE ADMINISTRATION OF GUANIDINE BASES. 

V. THE CHANGE OF PHOSPHATE AND CALCIUM CONTENT IN 
SERUM IN GUANIDINE TETANY* AND THE RELATION BETWEEN 
THE CALCIUM CONTENT AND SUGAR IN THE BLOOD. 

By C. K. WATANABE. 

{From the Laboratory of Pathological Che^nisiry, School of }fe(licine, and the 
Sheffield Jjahoratory of Physiological Chemisinjy Yale P niversily, 

New Haven.) 

for publication, July 27, 1918.) 

In a recent communication (1, 2) it was cleinonstrated that a marked 
acidosis appears in tiie condition of guanidine tetany. This same i)iienom- 
enon is present in ])arathyroid tetany and in idiopathic tetany (8) in both 
of which conditions the same 4ndd(‘ncea are ol)scrved in the urine, such as 
increased elimination (»f Nila, decreased a(ud excretion, and the lowering 
of the hydrogen ion concentration. (Irceiiwald (4, o, b) found that in 
parathyroid tetany in dogs the elimination of phoHy)hato was distinctly 
diminished and that this diminution was aceotnpanied by a marked reten- 
tion of phosphate in the blood. We suggested that the phosphate retained 
served to mnitralize the acid iirobubly prodm^ed by the muscular activity 
caustal by the incre,aaed content of guanidine base present wlien tiie i)ara- 
thyroid is removed (7, 8, 9). 

In connection with the study of the cause of tetany, scjvcral investigators 
estimated the change of salt excretion, especially cahuum, in the urine and 
fccea, and the content in the tissues, especially the brain. Among these 
workers Sabbatani (10), first suggested that the decrcastal content of cal- 
cium in the })rain caused the irritability of the nervous tissue, since he had 
observed that when calcium chloride was applied to the cortical surface the 
irritability was immediately reduced. With antagonistic agents, such as 
sodium citrate, the reverse is true. He thought this might be a factor 
contributing to the cause of convulsive diseases. Following the a.bov(^ 
suggestion Quest (11) first found that the calcium content of tlie brains of 
patients dying in tetany was distinctly diminished when compared to the 
normal brain of the same age. There was also an increased ratio of nitrogen 
to calcium. Later workers, including Aschenheim (12) in idiopathic tetany, 

* The preliminary work on this subject was reported in the Proceedings 
of the Society for Experimental Biology and Medicine for May 15, 1918. 
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and MacCallum and Voegtlin (13), Pexa (14), Aschenheim (12), Weigert 
(15), in tetania parathyreopriva also state that the content of calcium 
in the brain is diminished. On the other hand Stoeltzner (16) , Leopold and 
von Reuss (17), and Cohn (18), among others, claim that the calcium content 
of the brain is approximately normal in idiopathic tetany. Cooke (19) 
likewise reported that the calcium content of the brain in two dogs in ex- 
perimental tetany, did not change or was rather slightly higher than in con- 
trol animals. The magnesium was also practically normal. 

Comparing the normal arterial blood in dogs with that after parathy- 
roidectomy, MacCallum and Voegtlin (13), found a marked decrease in 
calcium and they state that this decrease in the blood and tissues is caused 
by the increased excretion in the tiri^e and feces. Neurath (20) also 
demonstrated the diminution of precipitable calcium in the blood. 

Beside the work of MacCallum and Voegtlin on the calcium excretion 
cited above, Cooke (19) claims that the elimination of calcium in the urine 
is almost unchanged but is increased in the feces. The magnesium excretion 
is markedly increased in the urine. Recently Kojima (21) stated in his 
metabolism experiment in rats that after parathyroidectomy t here seems 
to be an increase of calcium in the urine and less retained in the body. Von 
Cybulski (22) and Schwarz and Bass (23), working with patients suffering 
from idiopathic tetany in feeding experiments, state that upon Iho appear- 
ance of the tetanic symptoms the calcium retention is lowered. We must 
also call attention to the work of Iselin (24), Hohlbaum (25), Toyofuku 
(26), and Morel (27) in which they demonstrated a delayed bone growth, 
delayed healing of fractures, and insufficient calcification of the teeth in 
pardlhyroidectomized rats. The experiments cited above suggest either 
that the calcium present is olianged in some way or that there is an actual 
change in quantity. Paton and Findlay (28) expressed the opinion that a 
decreased calcium content of the tissues and an increased elimination of 
calcium is not a satisfactory explanation although administration of calcium 
strikingly diminished the electrical excitability and caused a disappearance 
of the symptoms in parathyroid tetany. 

After perusal of the abundant literature concerning this prob- 
lem, it appears that in parathyroid tetany or in idiopathic 
tetany the excretion of calcium may be increased in most cases 
and that at the same time the calcium may be decreased in the 
blood although all of this evidence is not certain. In the first 
paper of this series, we mentioned that the true cause of 
tetany was some toxin, such as guanidine bases, circulating in 
the blood, which was produced in some way by the lack of the 
parathyroids. The injection of such guanidine base as guanidine 
hydrochloride into the rabbit, showed almost the same metabolic 
evidences in the urine and blood, accompanied by acidosis, which 
is considered by Morel (29) and some other workers to be the fun- 
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damental cause of tetany. Therefore, we may suppose that this 
condition of acidosis may influence the acid-base equilibrium, and 
it is necessary to estimate the phosphate and calcium content of 
the blood in guanidine tetany to compare with that in parathyroid 
tetany. 


Methods, 

Rabbits were used in this investigation. The content of phos- 
phate and calcium was estimated before and after the adminis- 
tration of guanidine hydrochloride to compare the normal and 
tetanic condition. About 7 cc. of blood were dmwn from the 
jugular v(;in aiid 1 cc. was used for the sugar estimation. The 
rest of the blood was ke}jt. ovi*r night for the separation of the 
serum. Marriott’s (30, 31) m(*fhods for phosphate and calcium 
were employed, and his technique was followed. 

In some cases after the administration of guanidine, the fat 
content was, apparently, very much increased. On filtering 
the cahaum oxalate or ammonium magnesium phosphate through 
a Gooch crucible and washing with dilute ammonia, a colloidal 
solution is sometimes obtained which is very diflicult to filter. 
This i^an l)e overcome by adding a small quantit.y of alcoholic 
ammonia to the crucible. This procedure results in no loss of 
phosphate or cahaurn. It is necessary to maintain uniform con- 
ditions of the animals in estimating the phosphate (ionbrnt of the 
normal ral)bits. Oats and water only were given to tlie first 
group of rabbit s, and oats, greens, and water to the second group 
throughout the investigation. In the first group the first blood 
was taken after the rabbits ha<l been kept in the cage 24 hours, 
and after another 24 hours the injection of guanidine hydro- 
chloride was performed. The second sample of blood must be 
taken after the acidosis becomes severe; but half of the rabbits 
of this group died before the blood was drawn. The data men- 
tioned in Table I were obtained from samples taken from about 
24 to 48 hours after administering the drug. A long continued 
acidosis was intended to be maintained in the second group of 
animals and for this purpose several small doses of guanidine were 
administered at about 1 day intervals and the rabbits were fed 
only greens and water after the injections. 


THB JOUBNAl. OP BrOLOOICM. CHEMISTRY, VOl.. XXXVI, NO. 3 
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In thirty-three estimates on twenty-eight rabbits, the norma! 
content of phosphate varies from 2.1 to mg. per 100 cc. of 
serum. This is a rather large variation when compared to the 
calcium content which varies from 10.5 to 13.0 mg. per 100 cc. of 
seium. The phosphate content may vary with the condition of 
the animal, the food, or with the environment. It may be paral- 
lel to the hydrogen ion concentration of the bloofl. The rabbits 
which had albumin in the urine show a rather high content of 
phosphate in the serum ; Rabbit 4, which had heavy albuminuria 
and was pregnant, showed a high content; No. 5 also had heavy 
albuminuria and a high content of piiosphate in the serum. 
Rabbit 1 was examined on three different days. The first esti- 
mate was 3.5 mg., but the third was the highest normal figure 
obtained — 5.6 mg. This shows how variable is the normal 
figure for phosphate in the blood although this animal had albumin 
in the urine. We may consider that the normal content of phos- 
phate in normal rabbits is from 2 to 4 mg. per 100 cc. of serum 
and that when above 4 mg. we may consider we have an acidosis. 
None of the rabbits employed in this investigation had sugar in 
the urine. 

After the injection of guanidine almost all animals showed an 
increased content of phosphate in the blood and in some cases, Nos. 
14, 22, 2, and 3, the amount was increased to five times the normal 
figure. Rabbit 14 was in moribund condition when the sample of 
blood was taken, 51 hours after guanidine injection; the same was 
true of No. 22, 25 hours after injection; No. 2, 22 hours after in- 
jection; No. 3, 15 hours after injection. All of these four rabbits 
showed increases about five times the normal. From these experi- 
ments the fact is established that in guanidine tetany the phos- 
phate content of the blood is in almost all cases increased except 
Nos. 6, 12, and 5, but even here the values kept above what we 
consider the highest normal limits. 

Another important evidence is the decreased calcium content, 
though it is not so marked. In Table I we have arranged in 
descending magnitude the phosphate content after guanidine in- 
jection. It may be noted that in all cases in which the phos- 
phate reaches 6 mg. in 100 cc. of serum there is a decrease in cal- 
cium except No. 13 in which the phosphate rose so high that 
there was practically no change in calcium. The second speci- 
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TABLE L 

Phosphate and Calcium Content in,Serum before and after the Administration 
of Guanidine Hydrochloride. 


Phosphate and oalciam content, and sugar before and 
after injection of guanidine. 


Rabbit 

No. 

Albumin 
in urine. 

per kg. 
of body 
weight. 

Before. 

After. 

Phos- 

phate. 

Calcium. 

Sugar. 

Phos- 

phate. 

Calcium. 

Sugar. 



gm. 

mg. per 
100 cc. i 

mg. per 
100 cc. 

per cent 

mg. per 
lOO cc. 

mg. per 
! IDOcc. 

per cent 

14 


0.27 

4.0 

12.0 

0.133 

18.2 

' 8.7 

0.072 

22 

— 

0.15 

3.0 

12.6 

0.133 

16.0 

10.0 


2 


0.25 

2.1 

12.0 

0.105 

11.3 

! 8.5 

0.071 

3 

- 

0.20 

2.1 

11.1 

0.120 

10.7 

8.8 

0.051 

13 

— 

0.20 

3.6 

11.0 

0.149 

9.8 

12.0 

0.059 

15 

— 

0.30 

4.0 

13.0 

0.100 

9.0 

8.6 

0.053 

9 

— 

0.27 

2.8 

12.0 

0.100 

8.6 

10.4 

! 0.056 

19 


0.25 

2.1 

11.8 

0.120 

7.8 

! 10.4 

0.047 

11 


0.30 




! 7.4 

10.2 

0.043 

10 


0.30 




6.8 

10.2 

0 . 055 

4 

+ + + 

0.20 

4.0 

11.0 

0.087 

6.0 

11.2 

0.085 

27 

— 

0.15 

2.4 

12.4 

0.125 

6.0 

11.0 1 

0.053 

7 

— 

0.30 

3.8 

11.0 

0.111 

5.4 

12.0 

0.083 

0 



4.0 

12.4 

0.143 




6 

++ 

0.30 

4.6 

12.6 

0.100 

4.6 

12.6 

0.100 

12 

+ + 

0.30 

3.4 

12.6 


4.3 

12.0 

0.059 

5 

+ + + 

0.33 

4.5 

10.5 

0.091 

4.0 

11.0 

0.084 

1 

4-~f 


i 3.5 

11.1 

0.111 

j 



1 

4-4- 


5.1 

11.5 

0.125 




1 

1 4-4- 

0.20 

5.6 

10.8 

i 0.125 




8 

4- 

0.20 

4.8 

12.0 

0.130 




17 


0.20 

2.8 

12.8 

0.109 




16 

4-4- 

0.20 

3.0 

12.7 

0.111 




18 

4*4- 

0.20 

! 3.0 

12.4 

0.125 




20 

4" 

0.15 

4.2 

12.6 

0.107 




.21 



3.2 

11.0 

0.143 




30 

- 

0.15 

j 3.4 

12.2 

0.130 





men of blood was drawn 26 hours after injection and the rabbits 
manifested distinct tetanic symptoms and also were much more 
sensitive than the other animals. The phosphate increased but 
was not followed by the decrease in calcium. In general the 
increased phosphate is accompanied by a decrease in calcium and 
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it is clear that the rise in phosphate is followed by the fall in cal- 
ciimi from the fact that a rise in phosphate has been observed 
while the calcium remains normal. However, a fall in calcium 
with a normal phosphate has never been observed. More will 
be said of this in the discussion of the second group of rabbits. 

In Table II is shown the ratio of phosphate and calcium before 
and after administration of guanidine injection. In Rabbit 2 
the increase in phosphate over the normal before injection was 
538 per cent, and in all other rabbits except Nos. 5 and 6, there was 
a distinct increase. The calcium in some cases decreased to 71 
per cent of its initial values, and the others all d('creased with the 
'exception of a few cases. In normal conditions the ratio of cal- 
ciiun to phosphate varies from 5.7 to 1.9, but after guanidine 
injection it decreases to 2.8 to 0.5. If we exclude the ‘‘normaT^ 

calcium 

rabbits showing albuminuria, the normal value of v : 

phosphate 

is 3.0 or over. Therefore, we may say that in almost all 

calcium 

cases after guanidine injection the ratio , ; de- 

phosf)hate 


In the second group of rabbits we intended to secure more defi- 
nite information on the, decreased calcium content of blood fol- 
lowing increased phosphate content. It was necessary to keep 
animals for a longer time, and for this rather small doses of guani- 
dine weie given occasionally and blood specimens were drawn at 
intervals. Nine rabliits were tried in this group, and in only a f(‘w 
cases were satisfactory results obtained. In Rabbit 23 (Table 
III) the normal phosphate content was 3.2 mg. and the calcium 
12.1 mg. per 100 cc. of serum. After several injections of the 
dnig, the phosphate rose to 5.2 and the calcium decjrcased to O.G, 
about half of its normal value. The small injections of drug were 
continued and in the last specimen from this rabbit the phosphate 
decreas(‘d t o 4.6 and the (ialcium was again restored toward normal 
though not reaching the true normal level. This shows that as 
the acidosis subsides the calcium is restored. Rabbit 24 shows 
almost the same ' phenomena though the decrease in calcium 
is not so marked as in the above case. In this rabbit the last 
specimen of blood contained less phosphate than former specimens 
but the calcium was not restored to normal ; rather it decreased 
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TABLE II. 


Relation between the Phosphate and Calcium Contents before and after Injec- 
tion of Guanidine and the Ratio of Calcium to Phosphate before 
and after Injection of Guanidine, 


abbit No, 

Ratio of phosphate and calcium con- 
tents after, to the phosphate and 
calcium contents before injection 
of guanidine. 

The ratio of calcium to phosphate 
before and after injection 
of guanidine. 


Phosphate (after) 

Calcium (after) 

Calcium . 

Calcium ^ . 


Phosphate (before) 

Calcium (before) 

Phosphate^ ^ 

Pho^^phate 

14 

4.55 

72 

3.0 

0.5 

22 

5.33 

79 

4.2 

0.6 

2 

5.38 

71 

5.7 

0.7 

3 

5.10 

79 

5.3 

0.8 

13 

2.72 

114 

3.1 

1.3 

15 

2.25 

00 i 

3.2 

1.0 

80 1 

3.07 j 

87 

4.3 

1.2 

10 

3.71 

88 

5.0 

1.3 

11 




1.4 

10 




1.5 

4 

1.50 

102 

2.8 

1.9 

27 

2.50 

89 

5.2 

l.S 

7 

1.44 

109 

2.9 

2, 2 

(> 



3.1 


i\ 

i 1.00 

100 

2.7 

2.7 

12 

i 1.20 

90 

3.7 

2.8 

5 

0.80 

105 

2.3 

2.8 

1 



3.2 


1 



1 2.3 


1 



1.9 


8 



2.5 1 


17 



4.1 


10 



4.2 


18 



4.1 


20 



3.0 


21 



3.4 


30 



3.0 



.slightly. This shows that phosphate and calcium do not change 
distinctly parallel and supports the view that the change of phos- 
phate is the preliminary change and that the calcium decrease or 
restoration is a secondary phenomenon following aiadosis. The 
results of Rabbit 25 substantiate this theory; the first specimen 
of blood after injection of the drug showed an increase in phosphate 



538 


Studies in Metabolism. V 


TABLE HL 

Phosphate and Calcium Content in Serum before wnd after the Administration 
of Guanidine Hydrochloride. 


Rabbit 

No. 

Day and time. 

Guanidine per kg. 
of body weiglit. 

Phosphate and 
calcium con- 
tent before 
and after in- 
jection of 
guanidine. 

Sugar. 

Remarks. 




Phos- 

phate. 

Cal- 

cium. 






gm. 

mg. per 
100 cc. 

mg. per 
100 cc. 

per cent 


23 

1st, 

3 p.m. 


3.2 

12.1 

0.125 

Wt., 1,660 gm.; moder- 


2nd, 

3 “ 

0.1 




ate- albumin but no 


3rd, 

2 ** 

0.05 




sugar in urine. 


4th, 

8 a.m. 

0.05 







1 p.m. 

5 “ 

0.05 

5.2 

6.6 

0.123 



5th, 

8 a.m. 

0.05 







2 p.m. 

3 “ 

0.05 

4.6 

9.5 


Animal killed. 

24 

1st, 

4 p.m. 


3.8 j 

12.0 

0.120 

• 

Wt., 1,460 gm.; very 


2nd, 

3 “ 

0.1 




faint trace of albii- 


4th, 

2 

0.05 




min but no sugar in 


5 th, 

8 a.m. 

0.05 




urine. 



2 p.m. 

5 » 

0.05' 

5.8 

10.0 1 

0.105 



6th, 

8 a.m. 

0.05 







2 p.m. 

7 “ 

0.05 

4.4 

9.7 

0.100 

Animal killed. 

25 

1st, 

2 p.m. 


2.9 

11.6 

0.109 

Wt., 2,520 no al- 


3rd, 

9 a.m. 

0.15 




bumin or sugar in 


4th, 

5 p.m. 

0.08 




urine. ^ 


5th, 

5 “ 

0.03 





6th, 

11 a.m. 


4.9 

11.2 

0.091 




5 p.m. 

0.07 






7th, 

2 




0.122 



Rth, 

10 a.m. 

0.10 







9 p.m. 


2.8 

10.0 

0.120 

Moribund; killed. 

26 

1st, 

3 p.m. 


3.2 

12.3 

0.137 

Wt., 2,220 gm. ; no al- 


3rd, 

9 a.m. 

0.15 




bumin or sugar in 


4th, 

5 p.m. 

0.08 




urine. 


5th, 

5 ‘‘ 

0.03 






6th, 

11 a.m.- 


4.8 

12.0 

0.125 




5 p.m. 

0.07 






7th, 

3 


6.8 

6.0 

0.143 

Animal killed. 
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Rfibbit 

No. 

Day and time. 

Guanidine per kg. 
of body weight. 

tf llllll 

(ate and 
am con- 
before 
if ter in- 
ion of 
idine. 

Cal- 

cium. 

Sugar. 

Remarks. 

28 

1st, 4 p.in. 
3rd, 9 a.m. 
5th, 2 p.m, 
6th, 11 a.m. 

4 p.m, 
7th, 1.0 a.m. 
8th, 11 

4 p.m. 
9th, 9 a.m. 

2 p.m. 

gm. 

0.15 

0.08 

0.07 

0.07 

0.10 

0.05 

mg. per 
400 ee. 

2.2 

4.4 

4.0 

4.0 

mg. per 
too cc. 

12.2 

11.0 

9.7 

10.5 

per cent 

0.112 

0.137 

0.115 

0.100 

Wt., 2,920 gmi ; trace of 
albumin but no sugar 
in urine. 

Died 2 hours after last 
sample. 

29 

Ist, 3 p.m. 
3rd, 9 a.m. 
5th, 4 p.m. 
6th, 4 . 

6 

7th, 4 “ 

8th, 9 a.m. 

3 p.m. 
9th, 3 

0.15 i 
0.08 

0.07 

0.10 

0.07 

0.10 

3.6 

3.0 

4.3 

i 

12.0 

10.2 

’ 

11.0 

0.125 

0.122 

0.117 

Wt., 1,990 gm.; no al- 
bumin or sugar in 
urine. 

Found dead 10th day, 
8 a.m. 

31 

Ist,* 2 p.m. 


4.0 

11.4 

0.111 

Wt., 1,480 gm, ; trace of 


3rd, 9 a.m. 

0.15 




albumin but no sugar 


5th, 10 “ 

0.10 




in urine. 


6th, 12 m. 


5.8 

10.0 

0.102 

Killed. 

32 

1st, 3 p.m. 


3.6 

11. e' 

0.125 

Wt., 2,150 gm.; no al- 


3rd, 9 a.m. 

0.15 




bumin or sugar in 


5th, 10 “ 

0.10 




urine. 


6th, 3 p.m. 


3.5 

1 10.0 

0.120 



4 ** 

0.08 






7th, 9 a.m. 

0.07 






4 p.m. 

* 

4.2 

12.0 

0.105 



$th, 11 a.m. 


6.0 

10.4 

0.120 

Killed. 

21 

1st, 4 p.m. 


6.2 

8.0 

0.139 

Wt., 2,040 gm. ; trace of 


3rd, 9 a.m. 





albumin in urine. 


10 


6.4 

7.7 

0.270 

Died with convulsion. 
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from 2,9 to 4.9, but calcium still remained normal. In the second 
specimen after injection, the phosphate decreased but calcium was 
less than in the former specimen. R abbit 26 distinctly substantiates 
the above theory; the first specimen after guanidine administra- 
tion shows a rise in phosphate from 3.2 to 4.8, and calcium is un- 
changed; in the last specimen phosphate rises to 6.8 mg., and the 
calcium decreases to 6.0, about half the content of the normal. 
Rabbits 28 and 29 also show a similar behavior though not so 
distinct. 

Rabbit 21 of this group had spontaneous acadosis. This rabbit 
was very sensitive and excitable. The blood before injection of 
guanidine contained 6.2 mg. of phosphate per 100 cc. of serum, 
which is much higher than in normal rabbits, and the calcium was 
8.0 mg. After a small dose of guanidine the animal showed a 
more severe dyspnea than usual. Such a small dose — 1.2 mg. 
per kilo of body weight — is not enough to induce such severe 
symptoms in normal rabbits. The rabbit died in convulsions 1 
hour after the injection. The blood drawn at death contained 
6.4 mg. of phosphate and 7.7 mg. of calcium, which ar(» practically 
the same values as those before injection of guanidine in this 
rabbit, and so we may say that the dimg had no infltience on the 
calcium and phosphate in this short time. These facts strengthen 
the view that the acidosis* plays an important part in the reduction 
of calcium in the blood. 


DISCUSSION. 

From the results of the present experiments, and of previous 
papers on guanidine tetany it is plain that following muscular 
activity a severe acidosis appears and that phosphate is retained 
in the body. 

In the present exi)erimcnt the acidosis became severe and the 
phosphate reaches a value above 6.0 mg. and is sustained, while 
the calcium may be decreased in these cases of guanidine tetany. 

In the abundant literature on calcium in tetania parathyreo- 
priva and idiopathic tetany some writers report a distinct decrease 
of calcium in the tissues and blood together with an increased 
excretion, while other authors found no appreciable change from 
the normal. Likewise in our experiments on guanidine tetany 
some cases show a distinct decrease in calcium while some remain 
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•normal. We may conclude that in parathyroid tetany the de- 
crease of calcium is not constant, and we may also suggest that 
the calcium decrease is not the fundamental cause of tetany, 
but it may be a secondary phenomenon of altered metabolism. 
Here we may call attention to the work of MacCallum and 
Voegtlin (13) who state: 

was shown that the transfusion of blood from a normal dog will 
suppress tlie symptoms of tetany when a sufficiently largo amount is intro- 
duced. Emulsion of brain substance was injected in the same way but the 
effect upon the tetany was so indefinite that it was questioned in that paper 
whether the action of the emulsion was any more marked than would have 
hc<m that of so much salt solution or emulsion of any other organ from a 
normal dog. Emulsion.s of the parathyroid gland seemed to have a defi- 
nitely specific effect hut that appears only after the lajisc of some hours 
whereas the effect of bleeding and infusion of relatively larg(‘ amounts of 
salt solution or blood (2fX) to 400 cc.) from a normal dog has an almost 
immediate liffect in suppressing the tetany. We could tiiul no other ex- 
planation of this jihenomenon than that some poisonous material, not 
dcstroycni or pr(‘sent in larger amounts than physiologically, ou account of 
the absence of the parathyroid glands, was circulating in the blood.” 

In accord with the toxin theory, the increased content of 
guanidine was recently hnind. After injecting this toxin into 
animals they manifest almost the symptoms of tetany and also 
physiological and metabolic evidences, as is shown in the previous 
work and in the pn^sent. cxi)erimcnt. We may now eoiudude t hat 
the true (iause^ of tetany is the incrcasetl cont(mt of guanidine 
resulting from a disturliance in the function of the parathyroid. 
Another question naturally arises: How does the calcium injec- 
tion temporaril}^ abolish the tetany? We may imagine that in 
tetany the calcium of the tissues and blood may be inactivated 
or precipitated and excreted and that when soluble calcium is 
refdaced or supplied to the normal content, the excitabilit}' of tiie 
nerve is reduced. Beside the work of Sabbatani (10), that of 
Loeb (32), Friedenthal (33), andalsodarrey (34) in which is shown 
that when skeletal muscles are immersed in solutions which pre- 
cipitate calcium less electrical stimulus is required to cause a con- 
traction, supports the above view. MacCallum (35) also re- 
ported that when certain salts which precipitate calcium are ad- 
ministered the peristalsis of the intestine is increased. This also 
supports the view that the calcium content of the brain is instru- 
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mental in the excitability of the muscles. Starkenstein (36) 
reported that the introduction of phosphate and citrate in the 
form of sodium salts provokes muscular twitching. The fact is 
that the salts mentioned are precipitants of calcium. Quest (37) 
and many others made the interesting observation in feeding 
experiments that animals fed with calcium-free food or a diet 
with diminished calcium, showed an electrical hyperexcitability. 

Recently MacCallum, Lambert, and Vogel (38) reported that 
in perfusion experiments in which dialyzed blood poor in calcium 
was perfused through the isolated extremity an extreme hyper- 
excitability was produced, quite like that observed in tetany. 
When the isolated limb was perfused with normal blood there was 
no hyperexcitability produced. They also established the fact 
that when tetanic animals were bled, and the blood was replaced 
by normal blood, the tetany was relieved and the hyperexcitability 
was lowered, though when' dialyzed blood poor in calcium was 
replaced there were practically no changes. From this they sup- 
port the deficiency of calcium theory of tetany. From the above 
works we may judge that in tetany the diminished calcium content 
of the brain is accountable for part of the hyperexcitability of the 
nerves, and replacement of the soluble calcium only diminishes 
part of the excitability in tetany. In other convulsive diseases, 
such as eclampsia and uremia, the calcium excretion is increased 
and the calcium content of the brain diminished (11). In tetany, 
however, the mechanism for the diminution of calcium in the tis- 
sues may be attributed to the acidosis since acid administration to 
animals causes an increased excretion of calcium (39) and magne- 
sium, though this has not been so definite (40) until the present time. 

Relation between Sugar and Calcium Content in the Blood in 
Guanidine Tetany. 

In a preceding paper (41) we demonstrated that in guanidine 
tetany the content of sugar in the blood was slightly increased for 
the first few hours, especially after a large dose of the drug. 
This increase comes from the developing dyspnea caused by the 
disturbance of the respiratory center by the increased hydrogen 
ion concentration incident to the developing acidosis. On the con- 
trary, several hours after the injection of the drug there appears a 
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hypoglycemia, while in some cases the blood sugar falls to half the 
normal quantity. In the present investigation we estimated the 
sugar in the blood simultaneously with the phosphate and calcium. 
The marked hypoglycemia was also produced in the first group of 
rabbits, half of them showing a decrease of half the normal. 
Comparing the calcium and sugar content in the blood of the same 
animals, it is clear that there is no relation between these two com- 
ponents of the blood. In Nos. 13, 12, and 27 the sugar decreases 
to half of the normal value wliile the calcium maintains the normal 
level. 

Underhill and Blatherwick (42, 43) found that in parathyroid 
tetany the sugar content is markedly decreased and that the 
normal level can he restored by the injection of soluble calcium. 
P'rom this fact they concluded that calcium plays an important 
role in maintaining the normal blood sugar level. In a previous 
(2) paper on guanidine tetany, we showed that the l)lood sugar 
could not be restored to normal by the injection of calcium lactate. 

'Phis hypoglycemia may be different from that in parathyroid- 
ectomy in which the increase of guanidine is more gradual than 
in guanidine tetany. Moreover, rabbits used in our experiments 
are less resistant to acidosis than the dog (44), and also the assim- 
ilation limit for injected glucose is lower in the rabbit (45) than the 
dog. These facts may explain the failure to restore the normal 
blood sugar level. 

In looking over the literature on tlie influence of calcium on 
carbohydrate metabolism, we see the production of diabetes with 
calcium-poor diet by von Bunge (46), and the work of Underhill 
and Closson (47) on checking the glycosuria caused by continued 
administration of sodium chloride by the intravenous injection of 
calcium chloride. It is also report^.d that calcium administration 
inhibits the glycosuria caused by epinephrine (48), and the ad- 
ministration of sodium salts such as the oxalate or phosiihat.e which 
precipitates calcium provokes the hypoglycemia (49, 50) , 

In considering the above facts it appears true that calcium 
plays an important r61e in regulating blood sugar content, but 
whether this is direct or indirect action is not known. In the 
second group of rabbits in Table III the blood sugar content shows 
no change even in cases where the calcium decreases to half of its 
normal content, as in Rabbits 23 and 26. In Rabbit 21, which 
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had a long continued acidosis, calcium diminished markedly, but 
the blood sugar was practically unchanged. On the other hand, 
after guandine injection in this animal the first specimen showed a 
high hyperglycemia caused by the dyspnea. 

From this evidence we may consider that calcium indirectly 
influences the sugar-regulating mechanism. Here we recall that 
in parathyroidectomized animals the assimilation limit for dex- 
trose introduced by mouth or subcutaneously (51, 52, 53, 54) is. 
lowered. This may indicate that the oxidation process is lessened 
in this condition. It might be correlated with the conditioi) of 
acidosis since this is supported by the w^ork of Chvostok (55) and 
Munk (56) in which they found that the oxidative po^ver of the 
body is lessened in acid intoxication. This may induce the 
hypoglycemia in tetany. 


SUMMARY. 

1. The content of phosphate in the serum of normal rabbits 
runs from 2 to 4 mg. per 100 cc. of serum. In guanidine tetany 
caused by a large dose of the drug it increases in some cases to 
five times the normal and in almost all cases it is somewhat in- 
creased. In most cases in wdiich several small doses were admin- 
istered the phosphate increases though it remains normal in a few 
cases. 

2. The normal calcium content of rabbit blood varies between 
11 and 13 mg. per 100 cc. of serum. In guanidine tetany where 
the phosphate increased in the blood, the calcium decreased 
somewhat later. In mild, long continued, acidosis, the calcium 
content decreased to about half the normal value. 

3. The ratio calcium : phosphate in the blood is decreased in 
almost all cases of guanidine tetany. 

4. In the first group of rabbits, in which was injected a large 
dose of guanidine, hypoglycemia, with or without diminution of 
calcium in the same sample of blood, was manifested, whereas 
the phosphate content rises distinctly above the normal in all 
cases. In the second group of rabbits, injected with small doses 
at intervals, the sugar content of all specimens remained un- 
changed even in cases in which the calcium diminished distinctly 
to a value half of the normal. A high phosphate content accom- 
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panied the low calcium. From these facts we may deduce the 
proposition that calcium is not coricen-ned in the direct control 
of carbohydrate metabolism in guanidine poisoning but that some 
other intermediary metabolic change plays a part in tliis phenom- 
enon. TheJiypoglycemia induced by guanidine is accompanied 
by acidosis. Long continued acidosis so alters the metabolism 
that it is difficult to induce hypoglycemia. 

CONCLUSION. 

The administration of guanidine to the animal l)ody induces a 
condition of severe ac^idosis with the retention of phospliates, a 
decrease of calcium in the V)lood, and a hypoglycemia. These 
phenomena are also observed in tetania parathyreopri va . Furt her, 
the syrnpVmis and all otluu* physiological evidences in guanidine 
tetany are almost the same as in tetania parathyreopriva. Since 
the discovery of the large increase of guanidine bases in tetania 
f)arathyreopriva and idiopathic tetany, it is possible that the 
fundamental cause of tetany is the increased formation of gnani- 
dine nitrogen brought about by the disturbance of the function of 
the parathyroid. 

The author acknowledges his indebtedness to Professor F. P. 
Underhill for his advice and interest throughout the course of this 
work. 
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DOES WATER-SOLUBLE VITAMINE FUNCTION AS A CATALASE 
ACTIVATOR?* 
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Experiment Station, St. Paul.) 
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INTRODUCTION. 

In a recent paper (1) we have attempted to show that avian 
polyneuritis is accompanied by a lowering of the catalase activity 
of the liver, kidney, pancreas, heart, breast muscle, lung, and 
blood. We also pointed out that the catalase content of tissues, 
in polyneuritic pigeons which had received water-soluble vita- 
mine prepared from wheat embryo, showed a tendency to re- 
turn to normal shortly after the administration of the food hor- 
mone which McCollum and Kennedy (2) have designated as 
^^water-soluble It was also observed (1) that pigeons which 
are relatively immune to polyneuritis possess tissues, even under 
conditions of inanition, which are practically normab in their 
catalase content. 

We have therefore stated that an apparent relationship exists 
between oxidative processes and vitamine storage in avian poly- 
neuritis. Birds which apparently had no vitamine became 
polyneuritic and possessed tissues low in this oxidizing enzyme. 
Inasmuch as the feeding of water-soluble B brought about nor- 
mal catalase content of tissues, accompanied by improvement in 
the condition of the bird, it would seem reasonable to suppose 
that the vitamine had more or less to do with the oxidative proc- 
esses. Where pigeons have lived for a considerable time on diets 
of polished rice and have been found to possess no symptoms of 

* Published with the approval of the Director as Paper 135, Journal 
Series of the Minnesota Agricultural Experiment Station. 
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polyneuritis, and yet have been found to possess tissues which 
are normal in catalase, although the birds have lost in body weight, 
we have ventured the conclusion that these birds have been able 
to store larger qusptities of waternsoluble B in their tissues, pre- 
vious to the rice diet, than the more susceptible pigeons were able 
to do. 

Inasmuch as the water-soluble vitamine evidently causes in- 
crease in catalase production, we have conducted a few pre- 
liminary detenninations to ascertain whether the stimulating 
action is direct or indirect. 

Burge, Kennedy, and Neill (3) have shown that thyroid feed- 
ing affects the catalase activity of tissues, and Burge (4) has 
shown that this is also true for many food materials. Alcohol 
(5), when introduced into the stomach, caused an increase in 
blood catalase, but when alcohol was introduced directly into the 
blood, a decrease in blood catalase occurred. Kennedy and Burge 
believe (6) that the major portion of blood catalase arises in the 
liver, where it is stimulated to activity, or greater production at 
least, by pancreatic hormones, for pancreatectomy accomplished 
a lowering of blood catalase, while electrolytic stimulation of the 
splanchnic nerves caused a pronounced increase. Loevenhart (7) 
noted an increase in the .output of oxygen when pancreas and 
liver and muscle and liver were combined in hydrogen peroxide. 
More recently Burnett (8) has made quantitative measurements 
on various tissues and has found that blood and liver accelerated 
the catalase activity of muscle tissue, and he therefore advanced 
the tentative explanation that the acceleration was due to an 
internal secretion which acts as a catalase activator. In order to 
ascertain whether our vitamine extracts possessed this property 
of direct stimulation, the following experiments were conducted. 

EXPERIMENTAL. 

A polyneuritic pigeon was killed in the early stage of the disease> 
and the liver, which weighed 4.806 gm., was washed free of blood 
with 0.9 per cent salt solution. The liver was minced and sus- 
pended in distilled water for 3 hours. The water suspension was 
filtered and washed, the filtrate being made to 100 cc. volume. 
Portions of 5 cc. each of the liver extract were placed in the cat*^ 
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alase apparatus described in a previous paper (1), and the oxygen 
measurements were made at the end of 10 minute periods. The 
bottle in every case contained 100 cc. of neutral hj^drogen peroxide 
(3 per cent) and was agitated at the rate of 110 double shakes per 
minute. All measurements were made at 20®C. and 740 mm. 
pressure. Averages of several determinations on the 5 cc. 
samples of liver extract gave the following results: 


Sample No. 

1 ; m 

2 305 

3 307 

4 302 

AvrrjiKe 303 


Three different vitamine extracts were used in this work, all 
of which had shown curative prbperties in our work on pigeons. 
Vitamine Extract 1 was prepared from wheat embryo and evap- 
orated in the prescaiee of dextrin, yielding cream -colored powder. 
Vitamine p]xtract II was also prepared from wheat embryo but 
was in the fonn of a concentrated syrup. Vitamine l^ktract HI 
was a powdered sample prepared from corn pollen, with an ad- 
mixture of d(‘Xtrin. 

None of the vitamine extracts showed any activity toward 
hydrogen peroxide. Determinations were made on the liver ox- 
tnict, using 5 cc. sjimples, except that the various vitamine extracts 
were introduced into the hydrogen peroxide bottle. All deter- 
minations gave negative results. Duplicate determinations on 
5 ec. samples of the liver extract in the presence of vitamine 
extracts gave the following figures: 

5 cc. liver extract + Vitamine Extract T 
5 “ “ “ 4- II 

5 “ “ “ + “ “ III 

Average of liver extract alone 

CONCLUSION. 

The results indicate that water-soluble B does not act as a 
direct activator of catalase, but instead probably (on account of 
its physiological properties) stimulates the organism to greater 
production of catalase. 


= 300 cc. Oi 
= 305 “ “ 
= 296 “ 

= 303 “ 
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VITAMINE STUDIES. III. 


OBSERVATIONS ON THE CURATIVE PROPERTIES OF HONEY, 
NECTAR, AND CORN POLLEN IN AVIAN POLYNEURITIS.* 

By R. ADAMS BUTCHER. 

With the Cooperation of L. V. France, Division of Bee Culture. 

{From the Laboratory of Agricnlhiral Biochefnistry, Minnesota Agricultural 
Experiment Station, St. Paul.) 

(Received for publication, October 11, 1918.) 

INTRODUCTION. 

Since the United States Food Administration first showed the 
necessity of ednserving the available supply of cane and beet 
sugar, much has been written to show that one w^ay to conserve 
sugar would he to encourage consumption of larger quantities of 
syrups and honey. Much of the printed matter is designed for 
the general reader and, of course, many extravagant wstatements 
have been made, some of which have not accomplished the pur- 
pose for which they were written, but in the main, much real 
good has be^n attained. 

In extolling the virtues of honey some writers in the past have 
pointed out that, although honey is not as economical as com- 
mercial sucrose, it is superior to ordinary sugar on account of its 
laxative action, fuel value, and medicinal properties. More re- 
cently honey producers have been asking whether honey contains 
vitamines. Inquiry shows that statements in the affirmative 
have been made in popular articles, but we have been unable, 
up to the present time, to find any record of investigational work 
in this field. 

On account of the importance of this question at the present 
time, we have conducted experiments, which will be described 

* Published with the approval of the Director as Paper 136, Journal 
Series of the Minnesota Agricultural Experiment Station. 
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later, attempting to prove or disprove the presence of vitamines 
in honey. 

A study of the haV>its of the honey-bee shows that there are, 
generally speaking, two types of food used by the bee, floral nectar 
and pollen. The floral nectar is brought to the hive in the honey 
stomach of the bee and deposited in the cell where it is evaporated 
later to honey. Most of the pollen is carried from the flower 
to the hive in the pollen baskets or corbicula situated on the 
tibiae of the third pair of legs (1); it is also transported to a 
much lesser degree by clinging as a dust to the body hairs. This 
pollen is moistened and packed into certain cells and is known 
as bee bread. Unpublished data in this laboratory indicate that 
the pollen is probably moistened with nectar or diluted honey. 
It is from this bee bread and honey that the larval food of the 
future generations is prepared. 

In planning the experimental work it was felt that, should 
honey contain vitamines, there would be a greater possibility of 
finding the water-soluble vitamine m honey than its fat-soluble 
prototype, due to the very nature of honey which is high in 
water-soluble substances but low in fatty materials. 

It was first pointed out by McCollum and Kennedy (2) and 
later corroborated by Di*ummond (3) that the substance found in 
seeds, seed embryos, thin leaves of plants, and potato juice, 
which cured avian polyneuritis and assisted in the general well 
being of growing animals, is probably one and the same sub- 
stance. This has been called '‘water-soluble It was with 
the view of studying honey with reference to this vitamine that 
the following experiments were conducted. 

EXPERIMENTAL. 

The honey used in this experiment was a clear sample of strained 
honey obtained while basswood and white clover were in full 
bloom. The nectar was obtained largely from white clover, al- 
though basswood was in bloom at the time but was not being vis- 
ited by many bees. This material was obtained by centrifuging 
the uncapped combs, newly filled with nectar, before time had 
elapsed for evaporation to take place. Our reason for using nectar 
was to study the effect of evaporation and "ripening’^ of honey 
upon its vitamine content, should vitamines be found to be present. 
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Microscopical examination of the nectar and honey showed a 
few grains of pollen to be scattered through the mass. Conse- 
quently it was thought that the water-soluble vitamine content 
of pollen should be taken into consideration also. Fortunately 
there were available for this work several pounds of corn pollen 
which had been collected for other experimental projects in this 
laboratory. It was assumed that corn pollen would be represen- 
tative of other pollens in this regard and therefore it was used 
because of the quantity easily available. 

On June 29, 1918, fifteen pigeons were placed on a diet of pol- 
ished rice and these were fed, watered, and weighed in the same 
manner as those in preceding experiments (4). Pigeon 26 be- 
came polyneuritic on 'the 20th day of rice feeding and was fed 
about 20 gin. of basswood-clover honey (diluted) at about 9.30 
a.m. At noon on the same day the bird was found dead. Simi- 
lar results were obtained when Pigeon 27 became polyneuritic 
on the 22nd day, except that the bird did not die so quickly as 
Pigeon 26. 

Funk and von Scheinborn (5) have advanced the hypothesis 
that vitamines have a distinct effect on carbohydrate metabolism, 
and Vedder and Clark (6) are of the belief that fowls with high 
metabolic activity require larger amounts of vitamines and suc- 
cumb more promptly to diets of polished rice. 

Theiler and his coworkers (7) and Braddon and Cooper (8) 
found that forced feeding brought on the disease much more 
quickly than when the pigeon was allowed to starve itself par- 
tially. Our work is in agreement with this. 

It would appear, therefore, that Pigeons 26 and 27 might have 
died because of overloading of the oxidative mechanism during a 
low vitamine feeding. Seidell (9) and Emmett and McKim (10) 
have shown that vitamines are adsorbed upon colloidal suspensions 
of siliceous earths, and this method has been used by them to 
separate the vitamines from other materials. With this in mind, 
2 pounds of basswood-clover honey were dissolved in water and 
shaken for about an hour with Lloyd^s reagent,^ after which the 
siliceous earth was filtered and washed until it was no longer 

^ This highly adsorptive siliceous earth was generously supplied Ijy Pro- 
fessor Uri Lloyd of Cincinnati. 
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sweet to the taste. This paste was transferred to a graduated 
flask and made to 200 cc. volume with water. 10 cc. portions, 
representing 45 gm. of honey, were fed at each feeding when needed. 

Pigeon 23 showed symptoms of polyneuritis on the 19th day 
and was fed 10 gm. of honey in the morning. By 3 o'clock in the 
afternoon the bijd was acutely polyneuritic with the head drawn 
over its back. At 5 o’clock the same afternoon a 10 cc. portion of 
the Lloyd’s preparation from honey was administered. 
morning the pigeon was walking weakly about the cage. Toward 
evening the bird was much stronger, at which time another 10 
cc. portion of the preparation was fed. Thereafter ground rice was 
fed daily with a 10 cc. portion of the Lloyd preparation, and no 
particular change could be noted. The bird remained on its feet 
but walked with difficulty. After 10 days a small amount of vita- 
mine extract of wheat embryo was fed to this pigeon and recovery 
was immediate, showing that the vitamine content of the honey 
was relatively low compared to that in the embryo of wheat. 

Similar results were obtained on Pigeon 20, with the Lloyd 
preparation frpm honey, except that the curative properties of the 
preparation were even less evident than in the case of Pigeon 23. 

The vitamine from 2 pounds of nectar was adsorbed on Lloyd’s 
reagent, and made to 200 cc. volume. In this case also, 10 cc. 
represented 45 *«gm. of nectar. This preparation was fed to 
Pigeons 13, 16, 17, 18, 21, and 22 as soon as they became poly- 
neuritic. The pigeons w^ere forcibly fed as soon as they refused 
the polished rice. 

We were unable to see improvement in any of the birds receiv- 
ing the nectar preparation; all birds so treated died ahnost imme- 
diately or were cured by changing from this diet to one high in 
water-soluble vitamine. 

The vitamine extract from the pollen was a diy powder pre- 
pared by extracting pollen in hot 50 to 65 per cent alcohol and 
evaporating this on dextrin at a relatively low temperature over 
a steam-heated sand bath in the air current from an electric fan. 

Without going into detail regarding the efficiency of the vita- 
mine extract prepared from corn pollen, it is sufiicient to say 
that all polyneuritic birds which received this preparation recov- 
ered very quickly. In the case of Pigeon 15 we were able to bring 
on symptoms of polyneuritis three successive times and then to 
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cause the S 3 m[iptpms to disappear each time by a pinch of the 
pollen extract. Pollen extract was also fed to Pigeons 16 and 
18 which were dying, due to the lack of vitamine in the Lloyd prep- 
aration from nectar. In both of these cases the pigeons improved 
sufficiently to fly to their perches within 36 hours. 

CONCLUSIONS. 

Honey contains a small amount of water-soluble vitamine, 
but the amount is negligible. It is. probable that the slight anti- 
neuritic properties of honey are overbalanced by the large amount 
of carbohydrate present, for the presence of vitamines was made 
evident only upon removing the sugars by adsorbing the vita- 
mines upon siliceous earth. There was very little evidence of the 
presence of water-soluble vitamine in the dilute unevaporated 
nectar. Corn pollen is relatively rich in water-soluble vitamine 
and it is possible that the small amount of this in honey may 
have its origin in the pollen of flowering plants, either in the 
form of pollen grains adventitiously present, or in the digested 
products, which might be introduced by the salivary juices of 
the bee. 

I am indebted to Mr. Ferdinand A, Collatz for assistance in 
feeding and weighing the pigeons. 
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A METHOD OF MEASURING THE ELECTRICAL 
CONDUCTIVITY OF LIVING TISSUES. 

Bv W. J. V. OSTERHOUT. 

{From the Laboratory of Plant Phyniology, Harvard University , Camhrid.ge.) 

(Received for publication, October 28, 1918.) 

The purpose of this paper is to describe the method employed 
by the writer to determine the conduct ivity of living tissues. 

This method originated as the result of studies on protoplasmic 
permeability. Early in thes(i investigations the writer realized 
that quantitative exptiriments were essential to pi'ogress and 
undertook to develop accurate methods of measurement. The 
first cxp(u-imcnts in this direction were made by plasmolysis. In 
connection with this the (luestion arose w^hether salts penetrate 
as ions or as undissociated molecules. It is evident that the 
greater the permeability of the protoplasm, the more easily will 
an electric current pass through it. Hence if we can measure the 
electrical conductivity of the protoplavsm we can measure its 
permeability to ions. For this purpose determinations of the 
conductivity of plant tissues were undertaken. The method 
which was devised for this purpose was developed without knowl- 
edge of methods which had previously been used for animals and 
differed from them. It proved to be accurate and convenient 
and was extensively us(hI in subsequent investigations. 

The method consists in placing the tissues between two elec- 
trodes and measuring their electrical resistance by means of a 
Wheatstone bridge. It is evident that some of the current must 
pass between the cells, flowing in the intercellular substance or 
fi^ces, but it has been shown by experiments on Laminaria} 
that a part of the current flows through the protoplasm. 

It is desirable that the intercellular space or substance shall 
be constant in amount. This is the case in tissues, such as those 
of Laminaria, where the cell walls are of a firm consistency and 

1 Gf. Oeterhout, W. J. V., J. Biol, Chem., 1918, xxxvi, 485. 
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do not change during the experiment.* On the other hand many 
flowering plants present difficulties, since the spaces between the 
cells are largely filled with, gas, which is displaced to a vaiying 
extent when the tissue is placed in a solution, with the result that 
the conductivity is altered. In such cases we must select mate- 
rial in which the displacement is very slow or else we must get 
rid of the gas at the start by submerging the tissue and evacua^ 
ing by an air pump. 

As the writer^s investigations were concenied with alterations 
in permeability it was necessary to provide for quick changes of 
reagents and for rapid penetration. This was accomplished by 
the use of thin sheets of tissue. For example it was found that 
when Laminaria was transferred from sea water to sea water 
diluted with an equal volume of distilled water, diffusion was 
practically completed in . 5 minutes; this was also the case with 
the other material used in his investigations. 

It is desirable that the thin sheets of tissue should be stiff 
enough to be handled easily and that they should not adhere to 
each other but should tend to separate spontaneously (this is 
assisted by a . slight curvature of the pieces). 

The cell walls should be thin and free from spaces containing 
gas. The material should be able to stand laboratory conditions 
and the manipulation required by the experiments. It is desira- 
ble that it should be available throughout the year. All these 
requirements are so admirably fulfilled by the marine alga 
Laminaria agardhii (a common kelp of the Atlantic coast) that 
it was. largely used. It forms fronds several feet in length, 3 to 6 
inches wide, having somewhat the consistency and thickness of a 
thin leather belt. It remains in normal condition in the labora- 
tory for several weeks if kept in sea water (near 0®C.) and is not 
injured by the pressure and the weak electric currents to which 
it is subjected during the experiments. 

Most of the experiments were made by means of the apparatus 
shown in Fig. 1. This will be called Type A in order to distin- * 
guish it from other types to be described later. It consists of two 
platinum electrodes,* A, sealed into glass tubes, B, which are 

* Plasmolysis must be avoided since this increases the spaces between 
the protoplasmic masses. 

* These are covered with platinum black. 



559 


W. J, V. Osterhout 

filled with mercuiy and into which dip copper wires, C, which go 
to the Wheatstone bridge. These tubes are contained in elec- 
trode holders of hard rubber, D, through which pass a rod, 
E, and a long screw, F, by means of which the electrode holders 
may be drawn toward each other and held firmly in any desired 
position. This screw fits into an internal screw contained in the 
electrode holder at the right. This is not fhe case with the elec- 
trode hold(!r at the left and in consequence tliis electrode holder 
is drawn toward the other only when the block, M, is fastened in 
place by the set screwy N, and the screw, F, is turned in the 
proper direction. 



Fici. 1. Apparatus for determining the electrical conductivity of living 
tissue. The disks of tissue, L, are packed together like a roll of coins. 
At each end is a platinum electrode, A, fastened in an electrode carrier, 
D. By means of the screw, F, the electrode carriers can be drawn to- 
gether, compressing the tissue and holding it firmly in place. 

An end view of an electrode holder, D, is shown in Fig. 2. Its 
lower portion (which contains the platinum electrode) is showui 
inserted into a hard rublxjr support, G. The support is pierced 
by a series of seven holes (arranged in a circle as showui in the 
figure) each of which receives the end of a glass rod about 9 inches 
long, the other end of each rod being fastened in a similar support. 
The circle (dotted line) just inside the seven small circles repre- 
sents a disk of tissue inserted between the glass rods with its 
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surface at right angles to them. The smaller circle, H, in the 
center represents an opening in the electrode holder through 
which the current passes from the platinum electrode to the 
disks of Lamimria. The arrangement is shown in Fig. 1, where 
H represents the opening and L represents the disks. Before 
reaching the disks the current passes through, K, (Fig. 1), a hard 
rubber disk (with an opening in the center) which provides 
mechanical support for the tissue. 

The disks are cut from the fronds by means of a cork borer and 
have about the diameter and thickness of a silver quarter. They 
are packed together like a roll of coins (about 80 in all) and form 
a mass of just the right elasticity for the purpose of the experi- 



Fig. 2. Electrode carrier, D, seen from the end, resting upon a frame, 
G, in which are set glass rods (seen in section, as a series of circles) which 
hold in place the disks of tissue (seen in section as a dotted line). 

ment. They are held firmly in place by the glass rods which 
surround them and by the electrode holders which press against 
tliem at either end. At the same time the spaces between the 
glass rods allow free circulation of liquid. 

Each disk is placed in sea water as soon as it is cut;^ from this 
the disks are transferred to the support G, which is submerged 

* It was at first thought that cutting might injure the tissues at the 
edge of the disk sufficiently to interfere with the results, but experiments 
proved that this is not the case. Not only do the cells adjoining the cut 
surface live as long as those in the center of the disk but it is found that 
experiments (made by another method) on intact fronds give the same 
results as experiments on the cut disks. 




W* Js V. Ostqrhout 


561 


in sea watei*. They are arranged inside the glass rods (being 
packed together, like a roll of coins, to form a cylinder) by means 
of forceps, and care is taken to see that no bubbles of air arc 
caught between them or in the opening in K. The electrode 
holder is now placed in position and insioected to sec that no air 
is caught in the space around the electrode or in the opening at 
H. 

The electrode holders are now pressed against the ends of the 
roll of disks, the blo(;k, M, is firmly fastened by moans of the 
set screw, N, and the screw, F, is turned until the electrode 
holders are tightly clamped against the toll of disks. The pres- 
sure used in this operation should be fairly uniform.® 

The apf)aratus is now lifted out of the sea water® and allowed 
to drain ^ for a definite time (not over 1 minute) after which the 
resistance becomes practic^ally constant. 

The current passes for a short distance through sea water 
before reaching the disks. There is a film of sea water between 
each pair of disks and likewise a film around the cut edges. 
Otherwise the current passes only through the tissue. 

As soon as the resistance has been measured the apparatus is 
replaced in sea water; the set screw, N, is loosened so that the 
electrode holders can be moved apart and tiie disks separated 
from each^ other by means of forcei)s. After standing for a few 
minutes in sea water the resistance is again iletennined. The 
disks arc then separated as beforc and allowed to stand in sea 
water. This procedure is continued until it becomes evident 
that the resistance is practically stationary.® 

The apparatus is then transferred to another solution (e.gr., 

* It was lit first thought necessary to use a d juiamomef or but it was 
found that the operator soon becomes so proficient as to make it un- 
necessary. The resistance is very little affected by variations in 
pressure. 

® In the earlier experiments the resistance was taken witli the cylinder 
submerged in sea water, and this may be preferable in special cases. 

’ Each support rests on a block of j)araffin. Care must be taken that 
there is no conduction between the blocks; e.g., along the wet surface of 
the table. 

*TJtilofi8 this is the case the material is rejected. With good material 
the resistance remains stationary for a long time (in oiui experiment it 
remained so for 10 days). See Osterhout, Bot. Gaz., 1915, lix, 242. 
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NaCl 0.52 m) having the same conductivity (and temperature^) 
as the sea water. There should be at least 1,500 cc. of solution, 
contained in a shallow dish of gl^ss or enameled ware. The 
disks are at once separated by means of forceps and thoroughly 
rinsed in the new solution, the whole apparatus being moved 
about in the dish to secure thorough mixing. By means of a 
medicine , dropper the sea water around the platinum electrodes 
is thoroughly washed out. In some cases it is desirable to trans- 
fer to a second dish to ensure against contamination by sea water. 

By this means a very rapid change is effected and, as the disks 
are thin, dijffusion is soon completed (this is often the case in 
5 minutes and should not in any event require more than 10 min- 
utes). Since the outward diffusion of salts may take place at a 
different rate from the inward diffusion there may be an appar- 
ent rise or fall of resistance in consequence. This effect lasts 
but a short time and is found in dead as well as in living tissue. 
It is therefore easy to guard against error due to such causes.^® 
Certain additional precautions deseiwe mention. Only sound 
material should be chosen and disks should be cut from portions 
of the frond which are smooth and firm.^’ The best disks are 
those which curve slightly, so that when in the apparatus they 
spontaneously separate whenever the pressure is removed. 

The resistance of the disks at the ends is much greater* than 
that of those in the middle since the current spreads* out after 
issuing from the small opening,^ H, (Fig. 1) in the rubber disk. 
For this reason the best disks of tissue should be placed at the 
ends and their positions should not be changed. Care should be 
taken that they are not cut or injured by contact with the edges 
of the opening in the rubber disk.^* The inequality between the 

* All readings should be made at the same temperature or, if this is not 
practicable, should be corrected to the standard temperature. For the 
temperature coefficient see Osterhout, Biochem. Z., 1914, Ixvii, 272. 

Osterhout, J. BioL Chem.t 1918, xxxvi, 489, 

“ Portions of the frond which are covered with reproductive tissue 
should not be used. 

It results, from this that the resistance does not increase in direct 
proportion to the number of disks. If we plot the resistance as ordinates 
and the number of disks as abscisssp, we obtain a curve which is concave 
toward the base line. The curve is approximately logarithmic. 

These edges may be rounded by filing. A soft rubber disk may be 
placed between the hard rubber disk and the tissue. 
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disks at the end and in the center may be minimized by introduc- 
ing at intervals rubber disks provided with openings in the center 
(Fig. 3). This is in many cases desirable and enables us to get 
a high resistance with less tissue. 

Care must be taken to see that liquid does not leak out of the 
space around the electrodes while the apparatus is out of the 
liquid. If a leak should occur fresh liquid may be added by 
means of a medicine dropper. With a proper adjustment of the 
rubber disks and sufficient tissue to give elasticity no leakage 
should occur. 

In regard to the accuracy of the readings it may be said at the 
outset that under favorable conditions successive readings on the 
same material do not vary more than 1 per (^ent from the aver- 
age. This is as great accuracy as can ordinarily be hoped for in 



Fio. 3. Hard rubber disks, A, alternating with disks of tissue, 15 (all 
seen in sect ion). 

biological work and there is no object in. striving to get greater 
accuracy than this in the apparatus itself. 

It is desirable to get a good minimum in the telephone and the 
insertion of capacity in the circuit may help to accomplish this. 
The frequency is also of some importance in this connection. 
The writer has found a thousand cycles convenient; this is 
furnished by an apparatus obtained from Leeds and Northnip. 

The use of the ordinary lighting circuit (60 cycles) with a vibra- 
tion galvanometer is recommended by Green,^^ An alternating 
current galvanometer may be used in connection with a record- 
ing device if desired.'^ 


w Green; N, B., Am, J. Bot.y 1917, iv, 411. 

Weibel, E. E., and Thuras, A. L., J. Ind, and Eng, Cheni,, 1918, 

X, 626. 
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For details regarding apparatus the reader is referred to the 
papers of Hibbard and Chapman/®, of Washburn/^ and of Taylor 
and Acrce.^* 

We may now turn to another form of apparatus which may for 
convenience be called Ty}'>e B. Fig. 4 shows one end of the appa- 
ratuS; which consists of an electrode |jolder, A, and a series of 
glass cells, B, C, etc. The electrode holder consists of a glass 
tube provided with side arms for the admission of the electrode 
tube, D, (which is similar to the tube used in Type A) as well as 



Fig. 4. Electrode carrier, A, consisting of a glass tube provided with a 
series of side tubes to hold an electrode tube, D, and a thermometcr.fE; 
also an inlet tube and an outlet tube. To the right two glass cells, B, C, 
each with an inlet tube and an outlet tube, with disks of tissue, F and G. 

of a thermometer, E. In addition there is an inlet tube and an 
outlet tube by means of which the solution may be changed. 
Each of the glass cells, B, C, etc., has a similar inlet tube and 

Hibbard, R. P., and Chapman, C. W., Michigan Agric. College, Tech- 
nical Bull 23, 1915. 

Washburn, E. W., and Bell, J. E., J. Am. Chem.. Soc., 1913, xxxv, 174. 
Washburn, F. W., ibid., 1916, xxxviii, 2431. Washburn, E. W., and Parker, 
K., ibid., 1917, xxxix, 235. 

Taylor, W. A., and Acree, S. F., J. Am. Chem. Soc., 1916, xxxviiii 
. 2415, and previous papers in the same Journal 
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outlet tube. Each outlet tube has a rubber connection through 
which liquid can be discharged without wetting the cells. All 
of the inlet tubes are connected (by rubber tubing and a system 
of Y-tubes) to the same funnel so that all the cells can be filled 
simultaneously. 

^ The edges of the glass cells are ground in a plane exactly at 
right angles to the long axis of the cell. When pieces of Laminaria 
are placed between them (as at F and G) and they are pressed 
together, a tight joint is formed. The series of glass cells (with 
pieces of material) and an electrode carrier at each end are placed 
in a V-shaped trough with rigid ends; at one end is a screw by 
means of which they can be forced together and held with any 
desired degree of pressure. At the places where the pieces of 
material are located, the trough is cut away so that they do not 
come in contact with it. Care is taken to keep the current from 
leaking along the trough (its surface is covered with paraffin). 

The current therefore flows through the glass cells and through 
the pieces of material placed between them. 

The advantages of this type of apparatus are: (1) the end 
pieces do not have more resistance than those in the middle; 
(2) the solutions may be changed without disturbing the material. 

Types A and B may be combined by substituting disks of 
Laminaria for the glass cells. 

Type C is shown in Fig. 5. It consists of two electrode car- 
riers similar^ to those in Type A. The material is shown at M, 
its edges being completely surrounded by vaseline, V, V, so that 
the current cannot leak out. In many cases it is preferable to 
use chicle, grafting wax, or art gum in place of vaseline. The 
apparatus remains partly submerged (the water line being indi- 
cated at W, W), thus keeping the temperature more nearly con- 
stant, The solutions are changed by siphoning through the 
openings which admit the electrode tubes. This niakes it un- 
necessaiy.to unscrew and separate the electrode carriers during 
the experiment. 

Type D is shown in Fig. 6. It permits the use of intact plants. 
One end of the plant is inserted into each of the cells A and B 
and held in place by a split rubber stopper. The cells A and B 
are filled with^ solution. The free portion of the plant is bathed 
in any desired solution until a. reading is to be taken, when the 


THS JOUBMAXi or BlOLOOIOAli OSBMlftTBT, TOI.. XXXVl, KO. 3 
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solution is allowed to drain off and the reading is made. Care 
should be taken to prevent the current from leaking through or 
around the stopper. 

The part of the frond which is contained in the stopper and in 
the cell may be killed to lessen its resistance. 

Material which is too soft to be handled in the manner recom- 
mended for Laminaria may be treated as follows: If it forms 
sheets or membranes it may be fastened to thin disks of hard 



Fig. 5. Disk of tissue, M, the edges surrounded by vaseline, V, V, with 
an electrode carrier on each side. 

rubber^® provided with a central opening as shown in Pig. 7, in 
whi(5h A represents the rubber disk (seen, in section), B the mate- 
rial, and C another disk of thin rubber or celluloid. These are 
fastened together by rubber bands, D. For this purpose three 
projecting knobs are provided as shown in the surface view at 
the left of Fig. 7. The disk is placed in the frame described under 
Type A, and the knobs fit in between the glass rods in the manner 

The edges of each piece of tissue f^re protected. by vaseline. 


W. J. V. Osterhout 


567 


shown in Fig. 7 (where the rods appear in section). Every other 
disk is turned upside down so that the knobs of adjacent disks 



Fig. 6. 


Fig. 6. Two glass cells, A and B, each provided with an electrode; a 
strip of tissue is stretched between them. 

Fig. 7. A disk of hard rubber, A, one of tissue, B, and one of celluloid, 
C, tied together with rubber bands, D (all seen in section). Surface view 
at the left. 

Fig. 8. Disk of hard rubber, D, with a mass of tissue, M, wedged in 
the central opening (seen in section). 

do not touch and interfere with the close packing of the disks. 
The disks are treated precisely like the disks of Laminaria as 
described under Type A, 
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Material which cannot be handled in this way may be treated 
as shown in Fig. 8/ where D represents a hard mbber disk with a 
central opening into which the material is tightly wedged. The 
♦disks are then handled like so many disks of Laminaria, 

SUMMAKY. 

A method of measuring the electrical conductivity of living 
organisnis is described which can be applied to pieces of tissue or 
to intact organisms. Under the most favorable circumstances 
measurements made by this method do not vary more than 1 
per cent from the mean. 



THE EFFECT OF THE MATERNAL INGESTION OF 
DESICCATED PLACENTA UPON THE RATE OF 
GROWTH OF BREAST-FED INFANTS. 

By FREDERICK S. HAMMETT. 

(From the Department of Anatomy ^ Harvard Medical School, Boston,) 

(Received for publication, October 8, 1918.) 

During a series of experiments designed to show whether or 
not the matei’nal ingestion of desiccated placenta would have an 
effect upon the chemical composition of the milk produced during 
the early stages of lactation,^* ^ a comparison of the growth of the 
infants feeding upon the milk produced during its administration 
with the grow^th of those subsisting upon milk from mothers who 
had nofbccn given the material/^ led to the idea that the feeding 
of this substance to the mothers had an effect upon the rate of 
growth of their breast-fed infants entirely aside from the per 
cent change in the determined constituents. 

Since the number of observed cases was too small to give more 
than the indication of a tendency, I decided to make a more ex- 
tensive study of the matter, in order to determine definitely 
whether placenta tissue per se^ when fed to nursing mothers, 
contains a substance or substances affecting the rate of growth 
of the breast-fed infants, it being a well known fact that milk 
naay contain as such, or slightly changed, various substances, 
ordinarily foreign to its make-up, ingested by the mother. 

Tlie cooperation and courtesy of the staff and nurses of the 
Boston Lying-In Hospital made possible the carrying out of this 
plan, and the following is a brief report of the results. 

In order to avoid complications in recording, all patients were 
given the desiccated placenta prepared as described in an earlier 
publication,® and in the same dosage, e.g, 10 grains in capsules, 

* Hammett, F. S., J. Biol, Chem,^ 1917, xxix, 381. 

• Hammett, F, S., and MoNeile, L. G., J, Biol, Chem,^ 1917, xxx, 145. 

> Hammett ai)d McNeile, Science, 1917, xlvi, 345. 
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570 Effect of Placenta on Growth of Infants 

t,iJ. From these, only those mothers were chosen whose par- 
turition course was normal, and only the weights of those in- 
fants are utilized whose sole source of nourishment was the ma- 
ternal breast. The diet of the mothers and the method of weigh- 
ing of the infants were the same as reported in the paper on the 
normal growth capacity of infants at this Hospital,'^ thus stand- 
ardizing the experimental conditions for a study of this type. 

* In view of the results obtained in a study of the relationship 
between weight at birth and growth capacity,^ and for purposes 
of comparison, the subjects of this experiment were also divided 

TABLE I. 

Comparison with the Normal of the Per Cent Change in Weight from the 1st 
Day of Infants Subsisting upon Milk Produced under the hi- 
fluence of Mniemally Ingested Desiccated Placenta. 


Day. 




3 

5 



( 



13 

Group. 

Weight. 

Placenta. 

Normal. 

Placenta. 

Normal. 

Placenta. 

Normal. 

Placenta. 

Normal. 

Placenta. 

Normal. 

, 

Placenta. 

Normal. 

A 

Ihs. 

5-G 

-3.1 

-4.0 

-1.2 

-3.3 

0.6 

-0.4 

4.7 

1.4 

8.8 

3.9 

12.5 

6.0 

B 

6-7 

-4.1 

-4.7 

-2.1 

-3.2 

0.4 

-1.1 

3.0 

0.9 

5.2 

2.8 

7.9 

4.4 

C 

7-8 

-3.7 

-4.4 

-2.7 

-2.7 

0.1 

-1.1 

2.3 

1.0 

4.3 

2.7 

5.9 

4.6 

D 

8-9 

-4.5 

-5.1 

-3.0 

-3.8 

-1.3 

-2.4 

0.3 

-0.6 

2.0 

0.9 

3.3 

2.1 

E 

9>10 

-4.5 

-7.2 

-4.8 

-7.1 

-3.3 

-5.9 

-3.0 

-4.7 

-1.7 

-4.0 

-1.1 

-2.9 

F 

10-11 

-5.4 

-7.4 

-5.6 

-7.3 

-3.5 

-6.4 

i 

-0.9 

i 

-5.6 

0.9 

-4.7 

1.5 

-3.6 


into six groups according to weight at birth; and the weights 
recorded on the 1st, 3rd, 5th, 7th, 9th, 11th, and 13th days 
after birth were utilized for the data presented. The growth of 
177 infants was studied during this period. 

In Table I is given a comparison of the per cent change in 
weight of the two general sets of subjects. Fig. 1 is a graphic 
representation of the mean curve of each set. 

The effect of the ingestion of the desiccated placenta by the 
mothers on the rate of growth of the breast-feeding infants is at 

* Hammett, Am. J. Physiol., 1918, xlv, 396. 
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once apparent. In each group not only is the postnatal decline 
in weight less in amount, but also the gain in weight after the 
preliminary loss is greater in every case on every day than that 
recorded for the normal groups, the mean increase over the 
normal per cent change in weight on the 13th day being over 
60 per cent. 



Fig. 1. Curves showing mean of per cent change in weight from 1st 
day of two sets of infants. 


Supplementing these facts with an examination of Table II 
conclusively demonstrates that the rate of growth of breast-fed 
infants is enhanced by the maternal ingestion of desiccated 
placenta, for not only is the recovery to or over the initial weight 
generally more rapid, but the weight is almost uniformly greater. 
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The growth capacity of infants subsisting upon the milk pro- 
duced during the administration of desiccated placenta is also 
increased. This is ^own in Table III. That is to say, the ma- 
ternal ingestion of dried placenta tissue so stimulates the tissues 
of the iiifants feeding upon the milk produced during this time, 


TABLE II. 

Comparison of the Per Cent Recovery to or over the Initial Weight of the Two 
Sets of Infants. 




! 





Day. 






Group. 



1 

s 


1 


9 

1 

11 

13 

Weight. 

Placenta. 

Normal. 

Placenta. 

Normal. 

1 

1 

1 

i 

1 

1 

j 

•a 

•s 

8 

SC I 

Placenta. 

Normal. 

A 

Iba. 

5-6 

17 

19 

17 

29 

58 

50 

33 

62 

100 

75 

100 

82 

B. : 

6-7 

12 

8 

36 

24 

50 

45 

71 

60 1 

79 

75 

95 

80 

c ; 

7-8 

0 

12 

27 

24 ! 

54 

39 

78 

60 i 

87 

74 

89 

78 

D 

8-9 

5 

17 

17 

17 

40 

30 

60 

49 

70 

60 

79 

70 

E 

9-10 

0 

2 

22 1 

5 

33 

15 

33 

20 ’ 

33 

30 

55 

35 

F 

10-11 

0 1 

3 

0 i 

1 

3 

25 

5 

50 

8 

i 

75 

11 

75 

20 


• TABLE III. 


Comparison of the Growth Capacity of the Two Sets of Infants. 


Group. 

Weight. 

Increment from 8rd day. 

Capacity. 

Placenta. 

Normal. 

Placenta. 

Normal. 


lbs. 

per cent 

per cent 

per cent 

per cent 

A 

5-6 

15.0 

10.0 

2.836 

1.818 

B 

6-7 

12.0 

9.1 

1.846 

l.dOO 

C 

7-8 

9.6 

9.0 

1.280 

1.200 

D 

8-9 

7.8 

7.2 

0.918 

0.847 

E 

9-10 i 

3.5 

4.3 

0.369 

0.453 

F 

10-11 

1 

6.9 

3.6 

0.657 

0.343 


that unit weight is able to add on greater increments of matter, 
frcMH day to day, than can unit weight of infants feeding on inilk 
from mothers not ingesting this substance. 

A large series of comparative measurements of the mammaj of 
women taking and not taking the desiccated placenta, combined 



F. S. Hammett 


573 


with a study of the time of onset of full milk production, failed 
to show either hypertrophy of the gland or an increased milk pro- 
duction on the part of those women ingesting the placenta ma- 
terial. In view of these facts, and having in addition evidence 
that the increased food value of the milk produced during the 
administration of the dried placenta cannot compensate for the 
increased growth of itself,^* ^ and moreover since but 30 grains, 
or less than a gram, of the dried material was fed each day, a 
quantity so small as to be negligible as matter from which new 
tissue can be built, we conclude that there must be contained in 
the desiccated placenta some substance, or. substances, capable 
of passing through the maternal organism with at least a part of 
its activity retained. Being secreted by the mammary glands, 
it is passed on to the infant in the milk, there acting as 
stimuli to growth. It is not illogical to suppose that these sub- 
stances in the placenta m utcro may play an important part in 
the growth of embryo and fetus. 

CONCLUSION. 

The maternal ingestion of desiccated placenta produces an in- 
crease in the rate of growth and growth capacity of the breast-fed 
infants above that normally occurring. This is due to the pres- 
ence in the placenta of some, as yet unidentified, growth- 
promoting substance. 




ACTION OF ENZYMES ON HUMAN PLACENTA. 

By victor JOHN HARDING and ELRID G. YOUNG. 

{From the Biochemical Laboratory, McGill Universily, Montreal.) 

(Reeo.ived for publication, October 29, 1918.) 

The autolysis of human placenta has been the subject of several 
studies. That the plac(inia contained an autolytic enzyme was 
first shown by Mathes^ in 1901. Ascoli,^ Bergell and Liepmann,® 
and Bergell and 1^'alk^ also examined placenta for proteoclastic 
enzymes, with positive results, though the latter were unable to 
state whether the enzyme belonged to the tryptic or ereptic type. 
On the other hand, Lochhead and Cramer''^ were unable to find any 
true tryptic or ereptic enzymes. Lob and Higuchi® also failed to 
prove their existence. Within recent years exhaustive studies of 
the Abderhalden reaction have revealed the fact, however, that 
the proteoclastic enzyme of the blood, whether male or female, 
has a pronounced action upon placenta.’^ The action, however, 
of the digestive juices upon placenta does not appear to have 
been examined, though the medical literature contains many 
references to placental feeding. As the placenta and placental 
products arc of high importance in many theories of the etiology 
of the toxic disturbances of pregnancy, it appeared important to 
us to undertake such a study. Moreover, our own experimental 
w^ork was leading us in the direction of placental feeding and it 
was essential for us to be certain of the digestibility of our product. 
We have conscqmmtly made a short study of the action of the 
digestive enzymes upon our placenta preparation, and then sup- 

^ Mathes, P., Cenir. Gyndk., 1901, xxv, 1885. 

* Ascoli, A., Z. physiol. Chem., 1902, xxxvi, 498. 

* Bergell, P., and Liepmahn, W., Munch. med.lVoch., 1905, lii, 2211. 

< Bergell, P., and Falk, E., Munch, med. Woch., 1908, Iv, 2217. 

** Lochhead, J., and Cramer, W., Proc. Roy. Soc., Series B, 1908, Ixxx, 263. 

® Ldb, W,, and Higuchi, S., Biochem. Z., 1909, xxii, 316. 

^ Van Slykfs, D. D., Vinograd-Villchur, M., and Losee, J. R., J. Biol. 
Chem., 1915, xxiii, 377. 
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plemented our experiments in vitro with a comparative digesti- 
bility trial. We may say at once that the placenta is readily 
attacked by pepsin, trypsin, and erepsin. It is also readily hy- 
drolyzed by weak acids and alkalies. We have studied its digesti- 
bility in the dog by comparing it with meat, with which it has 
alniost the same nitrogen content. Its digestibility, imder the 
same conditions, on a protein and carbohydrate diet, is about 
the same as lean meat. 


EXPEBIMENTAL. 

The placental substrate was prepared according to the direc- 
tions of Harding and Fort.® The pepsin was a preparation of 
Parke Davis and Company; trypsin was prepared according to 
the directions of Cole^ from sheep pancreas, and the erepsin 

TABLE I. 


Action of Pepsin^ 


s 

*0 

6 

tuEyme solu- 
tion. 

i per cent 
HCl. 

1 

*2? 1 

i 

1 

J 

ime of diges- 
tion. 

05 N NaOH 
per 100 cc. 

4 

09 

*2 

>» 

naymatic 

acceleration. 

Ilenmrks. 


Z 


o 



H 

o 

tn 

M 





<C. 

1 

cc. j 

cc. 

gm. 

'hrs. 

cc. 

per 

cent 

per 

cent 




1 ! 

2 

5 ! 

33 

0.3926 

24 

9.40 

9.70 

6.96 

Digestion 

practi- 

2 1 

2 

5 ! 

33 

0.3927 

24 

5.96 

2.74 


cally complete 

in 

3 

2 

5 ; 

33 


24 

4.60 

— 


24 hrs. 

Acid 

e.K- 

1 ' 

2 

S 

33 

0.3918 

24 

9.60 

9.88 

7.18 

erts a 

slight 

hy- 

2 

2 

5 

33 

0.3933 

24 

6.08 

2.71 


drolytic 

effect. 


3 

2 

5 

33 


24 

4.72 

— 





1 

2 

5 

33 

0.3931 

48 

9.80 

9.83 

7,08 




o 

2 

0 

33 

0.3911 

48 

6.00 

2.75 





3 

2 

5 , 

33 

— 

48 

4.64 






1 

2 

5 

33 

0.3941 

96 

10.28 

11.16 

8.66 




2 

2 

5 

33 

0.3925 

96 

5.96 

2.50 





3 

2 

5 

! 33 

— 

96 

4.72 






1 

2 

5 

33 

0.3925 

96 

10.20 

10.90 

*8,24 




2 

2 

6. 

33 

0.3927 

96 

6.12 

2.66 





3 

2 

5 

33 

i j 

96 

,4.80 

— 






» Harding, V. J., and Fort, C. A., J, Biol. Chem., 1013, xxxv, 20. 

Cole, S. W., Practical physiological chemistry, Cambridge, 3rd edi- 
tion, 1913, 04. ! 
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from pig intestine by simple extraction with distilled water, 
according to Cohnheirn.^® As a method of experimental pro- 
cedure, we took three flasks and placed in them the following: 
(1) enzyme + acid or alkali + placenta; (2) enzyme (boiled) + 
acid or alkali + placenta; (3) enz 3 nne -f acid or alkali. In the 
protocols the number of the flask will refer to the flask as just 
described. The flasks were sterilized before use, and toluene 

* TABLE II. 


Action of Trypsin. 


No. of flask. 

Ensyme solu- 
tion. 

0.4 per cent 
Na»CO». 

Water. 

Placenta. 

Time of diges- 
tion. 

s • 

98 

zg 

te'n 

St 

o 

Hydrolysis. 

Ensv malic ac- 
celeration. 

Hemarks. 


cc. 

cc. 

or. 

gm. 

hrn. 

cc. 

pgr 

cent 

per 1 
cent 


1 

5 

10 

25 

0.3918 

24 

40.96 

49.58 

.30,68 

Digestion, as in the 

2 

5 

10 

25 

0.3913 

24 

25.80 

18.90 


case of pe])sin, is 

a 

5 

1 10 

25 


24 

16.48 

— 


complete in 24 hrs. 

1 

5 

! 10 

25 

0.3017 

24 

41.48 

50.33 

32.20 

Sodium carbonate 

2 

5 

10 

25 

0.3924 

24 

25.60 

18.12 


exerts a strong 

'3 

5 

10 

25 

— 

24 

16.48 

— * 


hydrolytic effect. 

1 

5 

i 10 

25 

0,3923 

48 

42 12 

51.55 

30.04 

All the placenta 

2 

f) 

10 

25 

0.3934 

48 

27.30 

21.50 


was dissolved at 

3 


10 

25 


48 

16.64 

— 


the end of the ex- 

1 

1 6 

10 

25 

0.3954 

48 

42.20 

51.02 

29.68 

periment. 

2 

5 

10 

25 

0.3940 

48 

27.30 

21.34 



3 

5 

10 

25 

__ j 

48 

16.72 

— 



1 

0 

10 

25 

0.3940 

96 

42.32 

51.57 

32.44 


2 

5 

10 

25 

0.3936i 

96 

26.20 

19.45 



3 

5 

10 

25 


96 

16.72 




1 

5 

10 

25 

0.3951 

96 

42.62 

52.02 

31.45 


2 

5 

10 

26 

0.3928 

96 

29.60 

20.56 



3 

5 

10 

25 

— 

96 

16.72 

— 




was added as a preservative during the experiment. The flasks 
and contents were stoijpered with absorbent cotton and incu- 
bated at a temperature of 37.5° for a definite number of hours. 
They were then removed from tjie incubator, and the enzyme was 
destroyed by rapidly bringing the contents of the flask to a boil 
and then cooling. The solution was then diluted to 100 ce., fil- 

Cohnheim, O., Enzymes, New York, 1012, 4. 
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tered, and the extent of proteoclasis in 25 cc. determined by the 
Sorensen method, phenolphthalein being used as an indicator. 

The results were calculated as the percentage hydrolysis of the 
amino nitrogen of the fully hydi'olyssed placenta. The nitrogen 
content of the placenta was determined by the Kjeldahl method 
and found to be 12.46 per cent. According to Harding and 
Fort,* the amino-acid nitrogen (free and combined) of placenta 

TABLE rii. 


Action of Erepnn. 


No. of flask. 

Enzyme solu- 
tion. 

0-4 per cent 
NaaCOj. 

Water. 

Placenta. 

Time of diges- 
tion. 

0.05 N NaOH 
per 100 cc. 

.a 

f 

tj 

IS 

d 

N A) 

C Ci 

w 

Heniarks 


cc. 

cc. 

cc. 

gm . 

hr 8. 

cc. 

per cent 

per cent 


1 

5 

0,5 

44.5 

0.3657 

24 

7.20 

13. m 

13.890 

Digestion practi- 

2 

5 

0.5 

44.5 

0.3905 

24 

4.05 

— 


rally complete in 

3 

5 

0.5 

44.5 

— 

24 

4.00 

_ 


24 iirs. With the 

1 

5 

0.5 

44.5 

0.3791 

24 

7.50 

14.358 

14.358 

smaller amount of 

2 

5 

0.5 

44.5 

0.3897 

24 

4.05 

— 


sodium carbonate 

3 

5 

0.5 

44.5 

— 

24 

4.05 



there is no hydro- 

1 

5 

0.5 

44.5 

0.3876 

48 

7.90 

14.334 

14. .334 

lytic effect due to 

2, 

5 

0.5 

44.5 

0.3879 

48 

3.96 

__ 


that cause. 

3 

5 

0.5 

44.5 

— 

4S 

4.40 

— 



1 

5 

0.5 

44.5 

0.390G 

48 

8.05 

14.473 

14.473 


2 

5 

0.5 

44.5 

0.3871 

48 

4.05 




3 

5 

0.5 

44.5 


1 48 

4.50 




1 

5 

0.5 

44.5 

|0.3994 

96 

8.10 

14.504 

14.504 


2 

5 

0.5 

44.5 

0.3944 

96 

4.05 




3 

5 

0.5 

44.5 

— 

96 

4.45 

— 



1 

5 

0.5 

44.5 

0.3924 

96 

8.00 

14.562 

14.562 


' 2 

5 

0.5 

44.5 

0.3868 

96 

4.10 




3 

5 

0.5 

44.5 

— 

96 

4.40 

— 




is 70.8 per cent of the total nitrogen present. Therefore the per- 
centage of amino-acid nitrogen in the placenta preparation was 
8.82. The percentage hydrolyses were calculated on this figure. 

In the comparative digestibility trial in mvo a diet of potato 
and lean beef was supplied to a puppy. The meat was freed as 
far as possible from fat and connective tissue, minced, and ex- 

“ Sdrensen, 8. P. L., Biockem. Z,, 1908, vii, 45. 
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firacted with water. It was then coagulated, air-dried, and 
ground in a ‘mill to a fine powder, thus resembling in its prepa- 
ration and texture the placental powder. 15 gm. of meat were 
given per day, and the feeding was continued for 5 days. The 
nitrogen excreted in the urine was determined each day. A second 
period of 5 days then followed, with 15 gm. of placental powder 


TABLE IV. 


Puppy. 

Nitrogen excretion per 24 hours. 

Meat. 

Placenta. 


gm. 

gm. 

W. 

1.032 

1.615 


1.689 

1.503 


1.176 

1.908 


1.153 

1.764 


1.274 

1.433 

Average. . . 

1.265 

1.665 

a. 

0.881 

1.241 


1.236 

1.248 


1.172 

1.319 


1.180 

1.122 


1.293 

1 . 193 

Average. . . 

1.152 

1.225 

N. 

1.526 

1.637 


1.512 ' 

1.758 


1.606 

1.541 


1.602 

1.474 



1.496 

A<verago, , . 

1.561 

1.581 


replacing the beef. The nitrogen content of the two is identical; 
both had been extracted with water and were of the same physical 
texture* The nitrogen excretion per day was again determined 
in the second period, and was found to be always slightly higher 
than the nitrogen of the first period, lienee it was concluded 
that the digestibility of placental powder is about the same as 
lean meat, under the same conditions. No ill effects were no- 
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ticed on the aninlals, who devoured the rations greedily, and who 
also showed increase in weight during the experimental period. 

15 gm. of meat or placental powder, 250 gm. of potato, 35 
gm. of cornstarch, or dextrin, 6 gm. of cane sugax, were supplied 
each day to a puppy of about 3 to 4 months. Nitrogen content 
of either die;b was 2.0 gm. 


StTMMAKY. 

Normal human placenta is readily hydrolyzed by pepsin, 
trypsin, and erepsin, and is readily and easily digested by the 
dog. 
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The decree of acidity is of importance in bread making in that 
it determines the physical state of the gluten, influences the 
growth and the activity of the yeast, and controls the growth of 
many other microorganisms, such as the rope-producing bacillus 
Bacillus me,sentcricus. The growth of yeast and other micro- 
organisms in turn influences the acidity of dough and of bread. 
A colorimetric method for measuring the relative acidity of bread 
is therefore suggested. 

The effect of the hydrogen ion concentration^ upon the hydra- 
tion, the viscosity, and the degree of dissolution of gluten has 
been the subject of researches by Wood, Wood and Hardy, 
Olson, Stockholm, Upson and Calvin, Gortner and Doherty, 
and ** numerous other investigat;ors. These authors have made 
observations which experiments soon to be published frotn this 
laboratory have confirmed and at certain points extended. A 
comparison of the results obtained from the study of gluten with 
such baking experiments as those of Jessen-Hanseii and others 
seems to indicate that there is an optimum hydrogen ion con- 

I The degree of acidity is best ipeasured by the electrometric or colori- 
metric determitiation of the coKcentration in hydrogen ions, commonly 
expressed as pH. 

581 
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centration for Hie baking of bread. As this paper goes to press 
the investigation of Landenber^r ahd Morse ean be cited in 
further supportiof this view, ^ 

The hydrogen ion concentration of bread is related to the 
original acidify* and to the acid-combining power of the cereals 
used, to the amount of yeast, and in that the activity of yeast 
varies with the acidity of the medium and modifies it through 
the acid products of its own metabolism, to" ttte conditions of 
fermentation. 

Further, sufficient acidity effectively checki^ the growth of many 
other mioioorganisms. In general this is an important matter 
in the technology of fermentation; specifically in bread making 
it is involved in the problem of the prevention of rope. At the 
present time the last factor is of serious economic importance 
for we have found^ that a large variation in the acidity of bread 
results from the changing formulas and different substances which 
the bakers are at present obliged to use. This is illustrated by 
the data collected in Table II of the variation in hydrogen ion 
concentration of the loaves of the largest Boston bakeries. Usu- 
ally the wheat substitutes tend to reduce the acidity of the loaf. 
We have, however, also found that beyond a hydrogen ion con- 
centration of lO^^N (pH .5) Bacillus mesentecicus^ which seerhs to 
be the common cause of rope, cannot develop in bread, and that 
its development is inhibited as the hydrogen ion concentration 
approaches iO'“®N, . , 

It has therefore seemed desirable to detennine, the hydrogen 
ion concentration of bread in a considerable number of cases, 
and to find a method of making this mea^nrement which shall ^ 
be at once trustworthy and sufficiently simple. 

At the outlet this problem is complicated by uncertainty of delation, 
for it is not dear what meaning is to be attached to the phrase, 
(h^ hydrogen ion concentration of breadf and in any case this concentration 
cannot be directly measured so as to. give absolute rather than relative 
values of known accuracy. Furthermore there is a considerable differ- " 
epee in the hydrogpn ion concentration measurements, whether with ehh- 
centration ceil or with indicators, of aqueous extracts of bread on the 
one hand, and of suspensions on the other.’ Nevertheless exiierience has 

— ! ^ 1 ,1;,. .i;, m I ; ...iiM liiii,, 

^ See BBjliography, V Cohn, Wolbach, and Henders<^i ah^ 
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proved that conaistent re»ult$, which are quite satisfactory for practical 
purposes and which may be provisionally expressed in terms of hydrogen 
ion concentration, are not difficult to obtain. For the present the more 
exact definition of the question may accordingly be postponed. 

When o; drop of the ordinary indicator solution of methyl red 
falls upon a slice of bread it assumes a color which may vary, 
according to the acidity of the loaf, from orahge to red. If the 
loaf is ropy, the color will probably be yellow, as a result of the 
alkali produced in the metabolism of Bacillus imsentericus. Bak- 
ing experiments upon dough of known but graduated acidities 
show that the range from orange to red corresponds to initial 
values of pH ranging from approximately 6.0 to 4.5. 


TABLE I. 

Effect of Lactic Acid upon Hydrogen Ion Concentration of Dough and of 

Bread. 


Exporiment 

744. 

O.S K lactic acid 
added to 

300 gm. of 
flour. 

i 

.pH 

Immediately 
upon mixing 
dough. 

After 4 hrs. 
fermentation just 
before baking. 

Bread 

after baking. 


cc. 




1 

0 


5.30 

6.38 

2 

1.0 


5.24 


3 

1.6 

5.55 



4 

2.4 




5 

3.2 


4.98 


6 * 

4.0 

5.20 

4.94 

4.98 


An . experiment in which the acidity of the dough and of the 
resulting bread was progressively increased by the addition of 
laetie acid is reported in Table I. The resulting loaves clearly 
showed the gradient in color of methyl red. 

This result has led us to make parallel observations on the 
hydrogen ion concentrations of aqueous suspensions* of nu- 

*The iiu$peu8ious of bread wbre made in the following manner: A 
freeh cut was made the loaf and a 5 gm. sample was then cut from the 
center. cc. of distilled water iu a small mortar 

Until the bread Was well broken. With the exception of the largest pieces,^ 
idl' thc^^ely bwjkeh^^m^^ the concentration cell. 
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rQ6rous loaves of bread, and upon the color of these loaves when 
methyl red is added to them* The reaction as in<ticated By 
methyl red is expressed on an arbitrary scale ranging from 1 
(most acid) to 7 (most alkaline). 

These measurements (Table II) seem to afford sufficient evi- 
dence that the hydrogen ion concentrations of suspensions of 
bread run closely parallel with the colors produced on the cut 
surfa(?e by the addition of methyl red. The accompanying ffgure 



Fig. 1. 

indicates the measure of agreement of the twO methods. Accord- 
ingly, it seems possible to estiniate what may not improperly be 
called the hydrogen ion concentration of bread with the help of 
this indicator. » 

"The method to be employed is*as follows: The loaf is cut 
cleanly, and upon a point near the center of the loaf four drops 
of a 0.02 per cent solution of the indicator in 60 per cent alcohol 
are allowed to fall. After waiting 5 minutes the (x^or is oBs^ed. 
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TABLE II. * 

Electrometric and Colorimetric Determination of the Hydrogen Jon Con- 
ceniration of Bread. 


Baker. 

Trade name of bread. 

Date of 
moasure- 
ment. 

pH of 
bread. 

1 No. 
of color 
plate. 

Hathitway and Sons. 

Subway. 

ms 

Aug. 7 

5.01 

3 

Ward Baking Co. 

Mother Hubbard. 

8 

5.03 

2 

Hathaway. 

Subway. 

II 7 

5.03 

3 

Ward. 

Mother Hubbard. 

“ 9 

5.12 

2 

« 

tf ft 

5 

5.13 

2.5 

ti 

it ti 

II 7 

5.13 

3.5 

it 

Tip Top. 

II 7 

5.15 

3.5 

Hathaway. 

Subway. 

II 7 

5.15 

4 

Ward. 

Tip Top. 

“ 7r 

5.18 

3.5 

Hathaway. 

Subway. 

« ,8 

5.18 

4 

Ward. 

( )aten Loaf I 

9 

.5.20 

2.5 

ft 

Daintymaid. 

7 

5.20 ! 

3.5 

if 

Oaten Loaf. 

“ 8 ; 

5.21 

3 

a 

Daintymaid. 

‘‘ 8 

5.21 

3 

Hathaway, 

Vienna. 

II 7 

5.21 

5 

Ward. 

Daintymaid. 

II 

5.22 

3 

if 

Mother Hubbard. 

II g* 

5.23 

2.5 

Hatha'way. 

Subway. 

“ 0 

5.23 

4.5 

Ward. 

Tip Top. 

II 7 

5.23 

4 

ft 

Daintymaid. 

“ 9 

5.24 

3 

ft 

Mother Hubbard. 

It (^* 

5.25 

3.5 

ft 1 

Tip Top. 

“ 8 

5.25 

4 

Hathaway. 

Subway. 

‘‘ 9 

t 5.25 

4 

General Baking Co. 

Mrs, Walker^s Prize. 

** 8 

5.25 

4.5 

Ward. 

Oaten Loaf. 

II g* 

5.27 

3 

if 

Tip Top. 

» 5 

! 5.27 

4 

if 

Oaten Loaf. 

II 9* 

5.27 

4 

Hathaway. 

Subway. 

II g* 

5.30. 

4 

Ward. 

Daintymaid. 

It g* 

5.31 

3 

Hathaway. 

Subway. 

II 7 

5.32 

4 

General. 

Mrs. W'alker^s, 

II 7 

5.32 

4.5 

Hathaway/ 

Subway. 

II 9* 

5.32 

4.5 

General, 

Mrs. Walker's. 

II 7 

5.33 

3 

« 

tt ft 

“ 5 

5.33 

5 

Ward. 

Daintymaid. 

» 6 

5.34 

3.5 

o 

Tip Top. 

II g* 

5.35 

3.5 

«. 

Daintymaid. 

II 9* 

5.35 

3.5 

■ a - 


6 

5.35 

3.5 

General. 

Mrs, Walker's. 

i^ 9* 

5.35 

4 
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TABLE Il^Conchided. ' 


Baker. 

Trade name of bread. 

Date of 
measure- 
ment. 

pH of 
oread. 

No. 

of color 
plate. 

' ' " 

Ward. 

Tip Top. 

ms 

Aug. 6 

6.35 

4 

General. 

Mrs. Walker's. 

u 

9 

6.35 

4.5 

Hathaway. 

Subway. 

it 

6 

5.36 

4 

Ward. 

Daintymaid. 

{( 

6-* 

5.40 

3 


Tip Top. 

ii 

9 

5.40 

4 

General. 

Mrs. Walker's. 

ii 

5-* 

5.42 

5 

u 

(( u 

ii 

8* 

5.42 

5 


u it 

it 

6 

5.43 

6 

Ward, 

Mother Hubbard. 

a 

6 

5.43 

4 

Spindler's Bakery. 


it 

7 

5.44 

5 

Anastos an& Chakalis. 


a 

6 

5.47 

6 

tf « u 


it 

6 ! 

5.52 

6 

Hathaway. 

Cream Loaf. 

ii 

7 

5.52 

5.5 

Anastos and Chakalis. 


ii 

6* 

5.60 

6 

Ward. 

Tip Top. 

ii 

9* 

5.70 

i 

5.5 


*Determination made on the day after the loaves were bought and 
brought into the laboratory. 


By comparison with a color chart or with a loaf of bread of 
known acidity, the hydrogen ion concentration of a loaf of bread 
may be estimated with an error no greater than that indicated 
by the above determinations. 
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A need for the dried solids of blood serum in immediately 
soluble form has led to a study of methods of low temperature 
evaporation of protein solutions. The method adopted may be 
of iise in other instances. 

The blood freshly colhicted at the abatoir was allowed to clot 
undisturbed in cylindrical vessels of several gallons capacity. 
After separating with a thin knife blade the vStrands of the clot 
from tlie sides of the vessel, the serum w^as syphoned into bottles 
and promptly centrifugi^d to remove the small (quantity of cor- 
puscles not held by the clot. This obviates laking of the blood, 
and yields a perfectly cl(3ar, aml)er colored liquid. 

The serum containing somewhat less than 9 per cent of total 
solids, to gain guy considerable amount of dried residue, demands 
the evaporation of a large amount of water. This evaporation 
may be carried out in a current of warmed air at atmospheric 
pressure, the exposed surface of the serum being increased by 
placing the liquid in large, salt-mouth bottles arranged hori- 
jjsontally* and rotated. The rate of evaporation so induced is 
rather low, and this prolonged warming tends to denature the 
proteins, rendering them less soluble. 

The obvious alternative is to carry out the process under 
reduced pressure. This method was applied with excellent 
results in the way now to he described, which has the especial 
advantage that the process nxay easily be followed in a quanti- 
tative manner. 


.w 
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An ordinary distilling flask of at least 1 liter capacity was 
supplied with perhaps 100 gm. of rather large glass pearls, and 
weighed. It was then immersed to about the level of the side tube 
in water of the desired temperature. In our experiments, this tem- 
perature did not exceed 50 T'. A dropping funnel was introduced 
into the flask, the end of the stem extending well into the bulb. 
The side tube of the flask was connected with an efl^cient con- 
denser, arranged verti(*ally and emptying into a previously 
weighed bottle of size suitable for trapping the evaporated and 
recondensed water. After this followed in succession a small, 
weighed calcium chloride tower, a manometer, and the vacuum 
pump. The trap bottle and the calcium chloi’ide tower were 
immersed in ice watoi*, and ice water flowed through the con- 
denser jacket. 

The apparatus being (‘vacuated to a pressure of 1 crn. of mer- 
cury, or less, the liquid serum was allowed to enter slowly through 
the funnel, and, as nearly as possible, at the rate at which evap- 
oration proceeded. So treated, the serum foams largely and 
leaves a friable product that adheres rathcjr loosely to the walls 
of the flask. 

When the desired afiioimt of liquid had been evaporated, the 
cold water of the condensqr jacket was replaced by warm water 
and air was slowly admitted through the funnel. This was 
followe<i by reevacuation. As the evaporation neared com- 
pletion, the temperature of the bath was raLsed somewhat. When 
the serum was dry, the apparatus was disassembled and th(^ 
parts previously weighed were dried and re weighed. 

Through giving the flask a vigorous rotary motion, the pearls 
were made to loosen and pulverize the product, which was sepa- 
rated from them by pouring onto a sieve of proper mesh. 

The following data of preparations show the precision of which 
the procedure is readily capable. The density of the serum used 
in the preparations was df == 1.0234. The bath temperature 
was between 45 and 50®. 

Quaniitative Preparation of Dried Serum. 


em. 

Weight of serum delivered to dropping funnel «» 102.02 

“ ‘‘ “ collected in trap bottle *= 90.30 

** “ “ tower « 2.60 

“ solid residue in flask *# 9.11 


102.01 
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The trapped water was perfectly clear and colorless. Its 
specific conductance was approximately 7.7 X 10“®; it was thus 
nearly free of electrolytes. It had a slight ammoniacal odor and 
was faintly alkaline. The pH was 8.1. The pH of the original 
serum, which had not been adjusted to a particular CO 2 tension, 
was 7.65, and its conductance 1.22 X 10“^. Kedissolved in 
carbon dioxide-free water in its original concentration, the re- 
action of the preparation was pH 9.4. 

The solids of the serinn thus constitut'd 8.93 p(‘r cent of the 
whole. Two different samples of seruin fi‘om the same source 
proved closely constant in this respect, as the following data 
show. 


flxperimctit No. 

r.oioid HPrum. 

Residue. 

Solids in scrum. 


gm. 

gm. 

per emt 

770 

102.02 

9.10 

8.92 

771 

i 102.02 

9.10 

8.98 

772 

102.02 

9.11 

8.93 


The powdered product is of light yellow coloi* and of faint 
odor. It dissolves readily in distilled water to a solution that is 
but slightly turbid. Determination of its niti’ogen content by 
the Kjeklahl method gave the following results: 

Ni trogen, 

per cent 
11.66 
11.83 

Average, 11.75 

According to Michael is and Davidsohn, the isoelectric point 
of serum albumin appears at about pH 4.7. The electrometric 
iitration of serum as reported by McClendon and confirmed by 
determinations in this laboratoiy shows that when approximately 
0.06 cc. of normal hydrochloric acid is added to each cc. of serum, 
the pH is 4.5. Serum so treated and evaporated leaves, as 
would l)e expected, a product more friable and less soluble in 
water than that from the untreated serum. Such a preparation 
is presumably near the isoelectric point of the proteins, and 
readily dissolves upon the addition of acid or of alkali. 
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Data of a preparation from serum treated with less acid than 
the above requirement are as follows : 

Preparation of Acidified Serum. 


Weight of serum taken 102.02 

** “ normal hydrochloric acid added 4.08 


106.10 

^ Weight of liquid water collected 78.88 

** ** water in drying tower 18.03 

“ “ solid residue 9.13 


106.04 

Before evaporation, the reaction of the acidified serum unad- 
justed to a definite carbon dioxide tension was pH 5.3. The 
redissolved preparation was slightly less acid, pH 5.5. In its 
behavior it lies between the preparation from unacidified serum 
and that from serum evaporated at its isoelectric point. It has 
the advantage of being more easily soluble than the latter, and, 
for some purposes, of having a less alkaline reaction than the 
former. The carbonates of the serum can thus conveniently be 
transformed into chlorides or into the salts of other acids. 
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